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VERIFICATION SURVEY
o OF THE S
FORMER BUILDING 371 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO '

INTRODUCTION AND SITE HISTORY

Tﬁe Atomic Energy Commission, predecessor agency to the U.S. Departmerit of Energy (DOE),
selected the Rocky Flats site ih 1951 to serve as a nuclear weapons component production.
facility. Production began in 1952 on both nuclear and non-nuclear components w1th the
plutonium pits being the key component. Uranium and beryllium were also utilized in the
production of various components and processes. Opcratiohs continued until 1989 when
envi_ronmental and safety concemns temporarily halted operations. There were over 700
strﬁctures, such as process and support buildings, that were involved in the site’s mission. In
1993, the production mission was permanently ended and a new' mission to clean up the site by
2006 was initiated. The site has since been renamed as the Rocky Flats Environmental
Technology Site (RFETS). '

Kaiser-Hill Company, L.L.C. (K-H), is the DOE contractor responsible for closure of the RFETS
by the year 2006. To meet the closure goal, K-H i)lans to charac_terize, remediate, pérform pre-
demolition surveys (PDS) and then demolish eéch building at the site. This process has been
completed for Building 371 and associated support facilities and systems.

The DOE’s Rocky Flats Prpjcct Office (RFPO) has the responsibility for oversight of i:losure at
RFETS. The RFPO requested the Environmental Survey and Site Assessment Program (ESSAP)
of the Oak Ridge Institute for Science and Education'(ORISE) to evaluate the basement and sub-

basement slabs that will remain six feet below the final finish grade after building demolition.

SITE DESCRIPTION

The RFETS is located approximately 16 miles northwest of Denver, Colorado_ on State HighWéy
93 and Cactus Road. RFETS occupies approximately 385 acres within the 6,000-acre DOE

Rocky Flats Former Building 371 Closure Project . - projects/407/Reports/2005-11-22 371 Final Report




reservation site (Figure 1). The site has been divided into two major operable units, the
- Industrial Area and the Buffer Zone. Building 371 was located in the northwestern quadrant of
the Industrial area (Figure 2).

Building 371 was a four-level reinforced concrete structure containing approxiniatel‘y 315,000 f2
~ of floor space. Building 371 was used primarily for storage, stabilizétion, and packaging of
plutoniﬁni, residues, and 4transuranic wastes. Level 1 was the sub-basement (Survey Areas C and
D) which housed the lower part of the central storage vaults (CSV) and stacker retriever

maintenance bay. Level 2 was the main basement area (Survey Areas E, F, and G). The

basement housed the heating, ventilation, and air conditioning (HVAC) equipmenf and
mechanical utilities. The Basément alsb housed the upper portion of the CSV, maintenance bay,
and a small plutonium processing area. Level 3 was the ground floor level and contained the ‘
vast majority of the plutonium recovery processing equipment. The Level 4 attic housed much of

the building’s systems (K-H 2003). Building 371 was designated as a Type 3 facility.

INDEPENDENT VERIFICATION OBJECTIVES . , \

The primary objective of the independent verification (IV) survey was to implement the 'data

quality obj ectives (DQO) as defined in the Independent Vcﬁﬁc#tion Program Plan (IVPP)

(ORISE 2004a). The DQOs were designed to evaluate the PDS efforts in Building 371 against
the applicable guideline criteria. Specifically, the Independent Verification Team (IVT) verified

through the collection of direct gamma activity ﬁleasurements that the Decontamination and

Decommissioning (D&D) contractor complied with the obj ectives stated in the approved projéct-

specific characterization plan and limits specified in the Building 371 Decommissioning '
" Operations Plan (DOP) (K-H 2003). ‘

IN-PROCESS INSPECTION |

. To expedite the D&D process, the IVT conducted Type A verification activities, the simpler type
of verification consisting of document review, data validation, with potential confirmatory
sample analysés. In addition, in-prqccss and final status surveys for Type B verification,

independent field measurements and sampling were also performed as needed. * The in-process
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inspectibns followed the applicable lines of inquiry as outlined in Appendix A of the IVPP, as.

appropriate.

Type A verifications were implemented for areas in Building 371 with a low potential for
radiological contarination (Phases II and IIT). Type B verifications were performed primarily in
' the Phase IV and V areas of Building 371 located six feet below final grade, including the sub-
basement and central storage vault, and basement. Historical information and available
radxologlcal data were reviewed to ensure that the appropnatc actions towards completlon of pre-

- demolition activities had been performed.
DOCUMENT REVIEW

. Document reviews of the contrégtor’s PDS plans, sampling plans, and suppbrting déta and
documentation were performed. Type A reviéws of the Pre-Demolition Survey Reports (PDSR)
were pérformed for the Phasc II areas of Building 371 which included area AP/AF the Building

371 extenor T376A T371H, 1, J, and K; and Building 376. A Type A venﬁcatlon was

completed for Phase III of Building 371. Phase III included Area AP between Column Lmes 1-

| 12 and Column Lines T-Y, Building 373, and Coohng-Tower 911. Datareviews were also

conducted for survey areas D and E prior to performing verification surveys.
RADIOLOGICAL SURVEY PROCEDURES

Site verification acﬁviﬁes were performed during the period.Mar'ch 21 to March 24, and April 25
to April 26, 2005 in each of five survey areas. ESSAP performed surface scans and gamma
surface measurements in basement Sur'yey Areas C and D and in the sub-basement Survey Areas
"E,F,and G (Figures 3 to 7). Scans and direct gamma measurements were performed using low-
energy phqton scintillation detectors. Survey activities were conducted in accordance w1th a
proj eét-specfﬁc plan (ORISE 2004b) submitted to and approved by DOE ‘and supplemented by
the ORISE/ESSAP Survey Procedures and Quality Assurance Manuals (ORISE 2004c and

- 2005a). '
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REFERENCE GRID

ESSAP utilized the reference system established by K-H and any prominent building features to
identify measurement and sampling locations. Measurement and sampling locations were

documented on detailed survey maps.

GAMMA SURFACE ScaNs

GMa scans were performed over 90 percent of accd_ssible floor areas of the f;asement and sub-,
basement Survey Areas C, D, E, F, and G. The Survey Areas représented the portions of the
concrete slab that existed greater than six feet below final grade, which will remain in place
following building demolition. Gamma scans were performéd using low-energy photon FIDLER
detectors coupléd to ratemeters with audible if)dicators. Any area of elevated activity idéntiﬁed :

during the scan that exceeded the field action level was flagged for further investigation.

* GAMMA SURFACE MEASUREMENTS

Gamma surface activity measurements were performed at a minimum of 30 randbm/sy_stematic
locations pér survey area. The number of systematic measurement locations was increased for
survey areas with a higher potential for contamination. Direct gamma measurements were also
‘performed at locations based upon: (1) areas that were identified by surface scans as having |
radiation levels greater than the field action level, (2) randomly generated measurement
lo‘cations,' and (3) at locations flagged as suspect. Measurements were performed when

~ necessary to determine the average residual gamma surface activity in the contiguous square

- meter area. Direct gamma measurements were performed at 229 randomly selected locations
and 12 judgmental locations (Figures 3-7). Judgmental locations are identified as B1, B2, etc.
Additional measurements were performed to determine the square-méter average activity at ’ﬁvc

locations.
SAMPLE ANALYSIS AND DATA INTERPRETATION

| The radionuclide of concem for Building 371 is 35 year old weapons grade plutonium
(WGP) (Pu-239/240). Gamma surface activity measurements were converted to units of nCi/g
for WGP based on the calculation method described in Rocky Flats technical basis document
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05-RS-0002. The calculated concentration of isotopic plutonium was based on the Am-241 to
Pu-239 r_atio of 1:8. The results were compared to the 100 nCi/g concentration-based limit as
averaged (defined as 0 to 1 cm concrete depth) over 1 m? XK-H 2004), as specified in the DOP.

Additional information concerning major instrumentation, sampling equipment, calculation

variables, and analytical procedures is provided in Appeﬁdices A and B.

FINDINGS AND RESULTS

DOCUMENT REVIEW

ESSAP reviewed various documents pertaining to the closure of Building 371 Closure Project
such as the characterization plan, DOP, and the Phase Il and Phase IIT PDSRs (K-H 2003, 2004,
2005b and c). ESSAP reviews of the PDSRs generated comments r;:lated to the classification of
silrvey units. It was ESSAP’s positidn that survey units (SU) 371066 and 371074 were initially
misclassified based on information pertaining to historical usé and proximity of the SU to Class
1 units. Hdwever, the review did not identify data in excess of the guideline griteria which |
would require reclassification. A review of the K-H PDSR overall tesults indicated that K-H
. performed adequate surveys and that any contamination identified was removed to levels
nmeeting the guideline criteria (ORISE 2005b and c). Prior to initiating the verification surveys,
- ESSAP reviewed two data sets from Survey Areas D and E to prepare the survey strategy. The
data did not identify any issues of concern or particular areas for expanded investigation (K-H

2005a).

GAMMA SURFACE SCANS

BASEMENT

-Gamma surface scan results in Survey Area C ranged from 1,000 to 22,000 cpm. The highest
activity was identified in the central area of Room 2310 which originally housed a large filter
plenum. Scans were not performed in Survey Area D, except in the contiguous square meter

area of direct measurement location 20 (B12).
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SUB-BASEMENT

Gamma surface scans were performed on 80 to 100 percent of the accessible floor surfaces in
Survey Area G of the sub-basemcnt A portlon of Survey Area G was not accessible durmg the
scanning period because of overhead work to remove Buxldmg 374. Also, surface scans were
not performed in Survey Areas Eand F except for in the immediate vicinity of a direct gamma
measurement. Scan activity results ranged from 2500 cpm to 930,000 cpm. The hlghest levels -
were observed in the narth central sub-basement in Rooms 1105, 1111, 1113, 1115, and 1119.

GAMMA SURFACE MEASUREMENTS'

Locations that were ator exceeded thel predetermined 250,000 cpm field act‘ion level were
marked for additional investigation. Surface activity measurements were converted from cpm to
- nCi/g for comparison of surface activity to the concentration-based guideline criteria. FIDLER
detectors coupled to ratemeter-scalers with audible output were used to perform garnma surface

measurements.

BASEMENT

Gamma surface activity measurement results for basement Survey Areas Cand D ar'e'provided' in
Tables 1 and 2, respectively. Surface activity measurements ranged from 610 to 1,600 cpm or
0.14 to 0.36 nCi/g for Survey AreaC. In Survey Area D, the gamma surface measurements

- ranged from 960 cpm to 440,000 cpm. Final analytical data quantified this activity as 0.21 nCi/g
- and 99 nCy/g, respectively. The highest indivi_dual reading at location 20 (B12) was the only
measurement that exceeded the 2'50,000 cpni action level. A five paint measurement was

performed in the contiguous 1 m* area that translated into a final concentration of 20 nCi/g.
SlfB—BAsEMENT

| Gamma surface activity measurement results for sub-basement Survey Areas E, F, and G are

" provided in Tables 3 through 5. Surface activity measurernents in Survey Area E ranged from
3,000 to 14,000 cpm (0. 67103.0 nCi/g). The surface act1v1ty measuremcnts in Survey Area F,
ranged from 4,200 to 75,000 cpm (0. 92 to 17 an/g)
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The area with the highest activity identified was in Survey Area G. Surface activity A
measurements ranged from 3,100 to 900,000 cpm (0.69 to 200 nCi/g). Eleven of the 70
measurements in this area were biased samples. Of the 11, four locations exceeded the action
level (250,000 to 900,000 cpm); thereby, requiring additional investigation. A five point
measurement was performed at each location to determine whether or not the average activity
over 1 m” would satisfy the gtﬁdeline criteria. After averaging, the highest remaining actiﬁty
was 180,000 cpm or 41 nCi/g at location B11. |

COMPARISON OF RESULTS WITH GUIDELINES

Final results were compared to the 100 nCi/g concentration-based limit as averaged over 1 m? of
the first céntimeter (cm) of concrete depth (K-H 2004). The calculated volumetric
concentrations for individual gamma surface measurements ranged from 0.14 to 200 nCi/g. Five
measurement locations exceeded the 250,000 cpm ﬁeld action level. At each location, five point .
measurements were obtained for the purpose of averaging the activity over the 'contiguous 1m?
areas. "All final concentrations were subsequently determined to be less than the DOP surface

concentration limit of 100 nCi/g.
FOLLOW-UP ACTIONS AND CONCLUSIONS

The Type A reviews of the K-H PDSRs indicated that K-H performed adequate surveys and that
any contamination identified was removed to meet the guideline criteria (ORISE 2005b and c).

' During each ESSAP verification effort, K-H dbtaiﬁed comparison gamma surface measurements
at each ESSAP measurement location. Fui'thennore, all locations were discussed and walked-
down by K-H prior to ESSAP demobilizing from the site. Since K-H accompanied ESSAP
during the collection of measurements, at the close of each survey effort, the ESSAP data points

* and K-H results were available during close-out. DOE and K-H management were presented
with results and at that time any issues raised by ESSAP were addressed. K-H agreed to
remediate the locations in the sub-basement that exceeded the 100 nCi/g prior to-averaging.
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" Based upon the results of the ESSAP verification effort, all sub-grade slab surfaces greater than
six feet below the final grade were below the 100 nCi/g concentration-based 'éuidcline.
Therefore, it is ESSAP’s position that the Building 371 Closure Project meets the DOE

- allowai)le confamination guidelines. |
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TABLE 1

GAMMA SURFACE ACTIVITY LEVELS
AND VOLUMETRIC CONCENTRATIONS

SURVEY AREA C

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Location* FIDLER Result (cpm) C(Exscix?tl:a(t:i:l:lgnact?/dg)"
1 1,100 ‘ 0.23
2 1,000 0.23
- 3. 1,200 0.26
4 1,400 0.30
5 1,200 0.27
6 1,200 0.26
7 1,400 0.32
8 1,200 0.27:
9 1,300 0.28
10 1,200 - 0.27
.11 1,100 0.25
12 1,500 0.33
13 1,200 0.27
14 1,400 0.31
15 1,300 0.29
16 1,400 0.30
17 N/A® N/A
18 1,300 0.28
19 1,000 0.23
20 610 0.14
- 21 1,300 0.28
22 1,300 028
23 1,300 0.29
24 1,200 0.28
25 720 0.16
26 920 0.20
27 1,600 0.36
28 1,200 0.27
29 970 0.21
30 1,300 0.28
"~ 31 : 1,100 0.25
Average Concentration 0.20
(nCilg) R
*Refer to Figure 3 -

*Calculated concentration based on assumptions in Rocky Flats Calculation Number 05-RS-0002.

°N/A-Measurement location not accessible.
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TABLE 2

GAMMA SURFACE ACTIVITY LEVELS
AND VOLUMETRIC CONCENTRATIONS
SURVEY AREA D
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Location® FIDLER Result (cpm) thlsczl?tlr)a(t:i:l:lzla(t}:l;)b
1 ' 960 ' ) 0.21
2 960 . 0.21
3 1,300 0.28
"4 1,100 . 0.24
5 . 1,000 0.22
6 1,100 ' 0.25
7 1,300 028
8 1,400 : 0.31
9 : 1,400 . 0.31
10 , 1,300 . 0.29
11 o 1,600 0.37
12 1,300 ' . 030
13 1,200 : 0.27
14 1,200 ' 0.27
15 ' 1,200 0.26
16 1,100 0.25
17 - » 1,300 _ 0.29
18 1,200 0.26
19 ' o 4,400 . 0.97
20 (B12)° 440,000 99
1 m” average at loc. 207 ~ 90,000 ' 20
. 21 1,500 - 0.33
22 1,400 ' 0.30.
23 1,700 0.37
24 1,100 0.25
25 , 1,100 ~ 0.25
26 1,100 . 0.25
- 27 . 1,100 0.25
28 1,200 : 0.27
29 : 150,000 34
30 : ‘1,400 . 0.32
31 1,300 - ' -0.29
32 B 1,600 0.35
33 1,400 , - 0.32
34 : 1,100 0.25
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TABLE 2 (Continued)

GAMMA SURFACE ACTIVITY LEVELS
AND VOLUMETRIC CONCENTRATIONS

SURVEY AREAD
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
' GOLDEN, COLORADO
" Location® FIDLER Result (cpm) Ciﬁfﬁaﬁﬂ:‘&’g‘l’/" -

35 1,000 0.23 )
36 1,100 0.25

37 1,100 0.25

38 1,100 0.25

39 1,100 0.25

40 1,300 0.28 -

41 1,300 . 0.29

42 1,400 0.32

43 1,200 0.28

44 1,500 - .0.34

45 1,700 - 0.37

46 1,800 0.39

47 1,600 0.35

48 - 1,400 0.32
49 1,500 0.34

50 1,800, 0.39

51 1,900 0.43

52 1,600 0.35

53 1,500 0.33

54 1,600 0.35

55 2,200 0.49

56 1,800 0.40

57 1,600 0.35

58 - 1,700 0.37

59 1,600 0.36

60 1,400 0.30

61 1,600 0.36

62 1,600 0.36

63 1,800 0.39

64 1,600 0.36

65 - 1,800 0.40

66 13,000 2.9

66 (0.3 NE of original) 31,000 6.9
- 67 1,800 0.39
68 1,400 0.32
20 projects/407/Reports/2005-11-22 371 Final Report
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TABLE 2 (Continued)

GAMMA SURFACE ACTIVITY LEVELS
AND VOLUMETRIC CONCENTRATIONS
SURVEY AREAD :
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Location* FIDLER Result (cpm) Cisc f:tl: a(t:izl:':::(t:&dg) b
69 1,400 , 031
70 1,500 0.32
71 2,000 s 0.44
2 1,400 e 0.30
73 1,400 ' 0.32
74 - 1,400 0.31
75 1,300 ~ 0.30
76 1,300 " 030
77 ’ . 2,000 . 0.44
78 1,400 032
9 1,300 0.30
80 6700 - | 15
81 | 5,300 | 12
82 6,500 1.4
83 ‘ 3,300 0.73.
84 2300 0.50
85 | 2,000 | 0.45
86 2,500 .0.55 -
87 _ 2,500 - 0.55

88 5,800 13

89 ~ 4,400 0.97

20 3,000 ' T 0.66

91 . 2,300 0.51

Average Concentration 4 1
(nCi/g) .

*Refer to Figure 4

*Calcutated concentration based on assumphons in Rocky Flats Calculation Number 05- -RS-0002.
“Location 20 is a direct measurement location that exceeded the 250,000 cpm action level.
“Average consists-of five measurements collected within the contiguous squarc meter arca.
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TABLE 3

- GAMMA SURFACE ACTIVITY LEVELS
AND VOLUMETRIC CONCENTRATIONS

SURVEY AREAE
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
" GOLDEN, COLORADO
"~ Location® FIDLER Result (cpm) | oor aﬁi‘:‘g‘é‘z).,
1 ~ 4,700 1.0
2 - 4,800 1.1
3. 6,300 , 1.4
4 4,600 L 1.0
) 3,000 - 0.67
6 13,300 0.74
7 5,700 : 1.3
8 14,000 - 3.0
9 4,100 ' 0.92
10 6,000 13
11 5,000 1.1
12 5,200 1.2
13 5,100 1.1
14 5,300 : 1.2
15 4,700 1.0
16 5,000 1.1
17 5,700 ' 1.3
18 5,100 1.1
19 6,800 - 15
20 6,500 - 1.5
21 6,100 - 1.4
.22 9,000 - 20
23 6,000 : 1.3
.24 . 7,100 1.6
25 5,400 1.2
26 4,900 , 1.1
27 4,600 1.0
28 4,600 1.0
29 4,500 0.99
30 4,600 L 1.0
Average Concentration - " 095
(nCi/g) : '

*Refer to Figure $ i )
*Calculated concentration based on assumptions ifs Rocky Flats Calculation Number 05-RS-0002.
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TABLE 4

GAMMA SURFACE ACTIVITY LEVELS
AND VOLUMETRIC CONCENTRATIONS

‘ SURVEY AREA F
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
' GOLDEN, COLORADO
Locaﬁonf | FIDLER Result (cpm) C(ﬁiiﬁtfaﬁ?:?:lm)b
1 13,000 3.0
.2 20,000 4.5
3 10,000 2.3
4 15,000 B ~ 33
5 5,400 1.2
6 9,100 2.0
7 5,400 1.2
8 4,600 1.0
9 46,000 10
10 4,300 ‘ 0.95
11 o 27,000 _ 5.9
12 4,900 - 1.1
13 - 6,700 _ - 1.5
14 34,000 7.6
15 4,500 ’ 1.0
16 4,200 0.94
17 ' 6,200 ' 1.4
18 5,000 1.1
19 5,600 ‘ 1.3 ..
20 _ - 9,100 2.0
21 5,000 o L1 -
22 : 28,000 : . 6.2
23 . 75,000 17
24 4,400 0.97
25 _ 4,500 1.0
26 ' : 4,800 1.1
27 4,200 0.92
28 4,400 _ ' 0.98
29 ‘ 10,000 . 2.2
- 30 ‘ 21,000 4.6
Average Concentration 23
(nCifg) o

*Refer to Figure 6
*Calculated concentration based on assumptions in Rocky Flats Calculation Number 05-RS-0002.
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TABLE S

GAMMA SURFACE ACTIVITY LEVELS
AND VOLUMETRIC CONCENTRATIONS
SURVEY AREA G
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
'‘GOLDEN, COLORADO

Location® FIDLER Result (cpm) ciifﬁaﬁzﬁﬁf/d]”
B1 : 250,000 55 '
1 m” average at loc. B1° 53,000 12
B2 54,000 ‘ 12
B3 40,000 I 8.9
. B4 . 100,000 ' 23
B5 62,000 14
B6 . 88,000 - 19
B7 97,000 22
B8 . . » ~120,000 28
B9 260,000 . - 57
1 m’ average at loc. BS° 56,000 - 12
~ BI0 640,000 140
1 m* average at loc. B10° 140,000 ' 31
Bi11 900,000 200
"1 m” average at loc. B11° - 180,000 41
1 4200 0.94
2 4,300 K 0.96
3 4,000 B ‘ 0.89
4 3,600 0.81
5 4,200 0.92
6 4,400 0.99
7 3,900 . 0.88
8 4,100 0.91
9 3,300 0.74
10 3,900 ‘f ' 0.87
11 3,800 1 0.84
12 5,200 1.2
13 4,200 0.93
14 3,900 0.86
15 4,000 ' 0.89
16 - 4,100 0.92
17 3,800 0.84
18 4,100 ~0.90
19 3,100 0.69
20 3,900 0.88

Rocky Flats Building 371 Closure Project 24 projects/407/Reports/2005-11-22 371 Final Report




TABLE 5 (Continued)

GAMMA SURFACE ACTIVITY LEVELS -
AND VOLUMETRIC CONCENTRATIONS

SURVEY AREA G
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Location" FIDLER Result (cpm) ciizﬁaﬁ?:?%? jb |
21 . 4,900 : 1.1
22 R 4,100 0.92
23 . 3,300 . 0.72
24 ' 5,000 ‘ 1.1
25 4,300 0.95
26 4,500 _ 1.0
- 27 3,700 0.81
28 4,400 _ A 0.98
29 4400 . 0.97
30 : 4,200 . 092
31 . 4,200 : 0.93
32 | 4,100 ‘ A 0.91
- 33 4,700 : 1.1
. 34 4,300 0.95

- 35 4,600 1.0
36 , 4,200 0.93
37 4,400 o 0.97
38 . 5,000 1 1.1
39 4,800 1.1
" 40 5,300 1.2
41 ] 4,200 0.93
42 ' 4,200 0.94
43 ‘ - 4,400 - 098
44 o _ 3,900 ‘ 0.86
45 g 4,200 - 0.93
46 4,300 0.96
47 4,300 E 0.96
48 4,100 0.90
49 3,800 0.84
50 ‘ 4,100 0.92
51 4300 - o 0.95
52 : 7,200 1.6
- 53 X 4,200 0.93
54 : 20,000 44
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TABLE S (Continued) -

GAMMA SURFACE ACTIVITY LEVELS
AND YOLUMETRIC CONCENTRATIONS
SURVEY AREA G ’
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO :

33 3800 0.85
57 3,500 078 p
39 3,100 . | 0.70
Average Concentration ] . o5
(nCi/g) .
*Refer to Figure 7 ~

YCalculated concentration based on assumptions in Rocky Flats Calculation Number 05-RS-0002.
“Average consists of five measurements collected within contiguous square meter.
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APPENDIX A

MAJOR INSTRUMENT ATION

The display of a specific product is not to be construed as an endorsement of the product or its
manufacturer by the author or employer.

SCANNING INSTRUMENT/DETECTOR COMBINATIONS

Gamma

Ludlum Ratemeter-Scaler Model 2221 .
(Ludlum Measurements, Inc., Sweetwater, TX)
coupled to '

BICRON Nal Scintillation Detector

Model G5 FIDLER

(Bicron Corporation, Newburg, OH)
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APPENDIX B

SURVEY AND ANALYTICAL PROCEDURES

PROJECT HEALTH AND SAFETY

A walkdown of the project area was perfonned to evaluate the survey areas for potent1al health
and safety issues that may not have been identified by the site. Additionally, the proposed survey
and sampling procedures were evaluated to ensure that any hazards inherent to the procedures '
themselves were addressed in applicable job hazard analyses (JHAs). The procedures entailed
minimal potential hazards that were currently addressed in ESSAP JHAs.

Personnel adhered to the site health and safety requirements; Project training requirements were
met prior to entry into the survey areas. General employee radiolog‘icaf training for site access
was completed and the IVT completed beryllium worker qualification, including on-site '
physical, chest x-ray, and classroom lecture. In addition, the IVT received building specific
entry and safety requirements. Confirmatory survey activities were conducted in areas that were

- not downposted for radiation or beryllium contamination and site dosimetric considerations were

applicable.

QUALITY ASSURANCE

Calibration

Analyt1ca1 and field survey actmtles were. conducted in accordance with procedures from the
following documents of the ESSAP:

. Survey Procedures Manual (September 2004)
. Laboratory Procedures Manual (June 2005)
. Quality Assurance Manual (July 2005)

- The proeeduresucontaiued in these manuals were developed to meet the requirements of
Department of Energy (DOE) Order 414.1C and the U.S. Nuclear Regulatory Commission
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Quality Assurance Manual for the Office of Nuclear Material Safety and Safeguards and contain

measures to assess processes during their performance.

Quality control procedures include: ,

. Daily instrument background and check-source measurements to confirm that equipment
operation is w.ithin‘acceptalblc statistical fluctuations. |

. Participation in MAPEP, NRIP, and ITP Laboratory Quality Assurance Programs.

»  Training and certification of all individuals performing procedures. |

. Periodic internal and external audits.

Calibration of all field and laboratory instrumentation was based on standards/sources, traceable
to.NIST, when such standards_/sources were available. In cases where they were not ayailable,
standards of an industry recognized organization wcré used. Instrumentation had to be ré— _ |
calibrated at the site because of the effect of altitude on detection capability.

The gamma calibration efficiency for the FIDLER detector was determined to ISO-7503
recommendations. A NIST traceébie Am-241 calibration source (maximum gamma energy of
59.5 KeV) was used to develop the optimal instrument efficiency using a 4 = source activity.
The calculated €01 ranged between 0.08 to 0.11 depending on the detector. The calibration
source emission rates Were corrected for geometry when a source larger than the _detéctor was

‘used.

SURVEY PROCEDURES

Surface Scans

Surface scans were performed by passing the detector slowly over the surface. The distance
between the detectors and surface was maintained at a minimum, nominélly about 1 cm.
Surfaces were scanned using a low-energy photon FIDLER detector with a detector area 127
cm?. Identification of elevated levels was based on increasés in the audible signal from the

recording and/or indicating instrument.
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Specific scan MDCs for the Nal scintillation detector for the radionuclide mixture in concrete
were not determined as the instrument was used solely as a qualitative means to identify elevated
gamma activity however, MDCs for radionuclides in the concrete would approximate those

contained in NUREG-1507.

Surface Activity Measu_rements

Measurements for surface activity levels were primarily performed using gas proportioﬁal
detectors with portable ratemeter-scalers. Surface activity measurements were pérfonnéd on
upper room surfaces, some equipment, and at locations of elevated direct radiation.

Gamma surface activity measurements were perfonped usidg the FIDLER detector. A
Microshield ™ program calculation was pcrfomicd based ubon calibratioﬁ variables and detector
attributes to determine a field action level. The result calculated a field action level of 250,000
cpm that was used to conduct additional investigation. -

Gamma count rates were integrated over one minute using the FIDLER. Count rates (cpm) were .
converted to nanocuries per gram (nCi/g) using the following equation: .

cpm | . 127 o . nCi ;sPu
Er*e,%127em* ) \ W 2220dpm ]  Am

where:

= Total Efficiency = 0.08 '
e.p Attenuation Correction Factor for Painted Surfaces = 0 679

W = Volume * Density of Concrete = 127cm® * 1 om * 2.35 glom® = 29845 g
Note: Volume is calculated as physical detector area x DCGL depth

8 = ratio of Pu-239 to Am-241 for 35-year old WGP
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OAK RIDGE INSTITUTE FOR SCIENCE AND EDUCATION

November 30, 2005

Mr. Ron Bostic

Rocky Flats Project Office
U.S. Department of Energy
10808 Hwy 93, Unit A
Golden, CO 80403

SUBJECT: CONTRACT NO. DE-ACO5-000R22750
FINAL REPORT—VERIFICATION SURVEY OF THE FORMER
BUILDING 374 CLOSURE PROJECT, ROCKY FLATS -
ENVIRONMENTAL TECHNOLOGY SITE, GOLDEN, COLORADO

Dear Mr. Bostic:

The Environmental Survey and Site Assessment Program (ESSAP) of the Oak Ridge Institute for
Science and Education (ORISE) has prepared the final report for the former Building 374

. Closure Project, Rocky Flats Environmental Technology Site in Golden, Colorado. Comments
provided on the draft report have been mcoxporated into the final report. .

Plcase contact me at (865) 576-5321 or Scott Kirk at (865) 574-0685 should you need additional
information.

Sincerely,

%J/

Phyl s C. Weaver

Health Physics/Project Leader

Environmental Survey and
Site Assessment Program

PW:db

cc: B. Wallin, K-H/RFETS
E. Abelquist, ORISE/ESSAP
S. Kirk, ORISE/ESSAP
File/407

P.O. BOX 117, OAK RIDGE, TENNESSEE 37631-0117

Opom‘bdbyOaledgeAssodotedUnivenIﬁesfothS DepamnentofEnorgy




The Oak Ridge Institute for Science and Education (ORISE) is a U.S. Department of Energy facility focusing on
scicntific initiatives to research health risks from occupational hazards, assess environmental cleanup, respond to
radiation medical emergencies, support national security and emergency preparedness, and educate the next generation
of scientists. ORISE is managed by Oak Ridge Associated Universities. Established i in 1946, ORAU is a consortium -
of 91 colleges and universities. ,

NOTICES

The opinions expressed herein do not necessanly reflect the opinions of the sponsoring institutions of Oak Ridge
Associated Universities.

This report was prepared as an account of work sponsored by the United States Government. Neither the United States
Government nor the U.S. Department of Energy, nor any of their employees, makes any warranty, expressed or implied,
or assumes any legal liability or responsibility for the a ccuracy, c ompleteness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe on privately owned rights.
Reference herein to any s pecific c ommercial product, process, or service by trade name, mark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement or recommendation, or favor by the U.S. Government
or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of
the U.S. Government or any agency thereof,
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VERIFICATION SURVEY
OF THE |
FORMER BUILDING 374 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

INTRODUCTION

The Atomic Energy Commission, predecessor agency to the U.S. Department of Energy (DOE),
selected the Rocky Flats site in 1951 to sefve as a nuclear weapons éomponent production
facility. Production began in 1952 on both nuclear and non-nuclear components with the
plutonium pits being the key component. Uranium and befyllimn were also utilized in the
production of various components and processes. Operations continued until 1989 when
environmental and safety concerns temporarily halted operations. There were over 700

structures, such as process and support buildings that were involved in the site’s mission. In

1993, the production mission was permanently ended and a new mission to cleanup the site by

2006 was initiated. The site has since been renamed as the Rocky Flats Environmental

- Technology Site (RFETS).

Kaiser-Hill Company, L.L.C. (K-H), is the DOE contractor responsible for closure of the RFETS
by the year 2006. To meet the closure goal, K-H characterized, remediated, performed pre-
demolition surveys (PDS), and demolished each buildihg at the site. This process has been |
completed for the Building 374 and the associated 3813 Dock Area.

The DOE’s Rocky Flats Project Office (RFPO) has the responsibility for oversight of closufe-at
RFETS. The RFPO requested the Environmental Survey and Site Assessment Program (ESSAP)
of the Oak Ridge Institute for Science and Educaiion (ORISE) to: (1) conduct independent
verification (IV) assessments in the former Building 374 of those surfaces to which the criteria
for free rélease was applicable and (2) evaluate surfacgs that will remain after building

demolition located at six feet below the final finish grade.
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SITE DESCRIPTION AND SITE HISTORY

The RFETS is located appfoximately 16 miles northwest of Denver, Colorado on State
Highway 93 and Cactus Road. RFETS occupies approximately 385 acres within the 6,000-acre
DOE reservation site (Figure 1). The site was divided into two major operable units: the '
Industrial Area and the Buffer Zone (Figure 2). All nuclear facilities at the site were within the
boundaries of the Industrial Area.

Building 374 was designed and consiructed in the 1970s in association with Building 371 to
replace the plutonium pit assembly'and pyrochcmjcél operation in Building 776/777 and the
residue and waste operations in Building 771/774. In 1981,‘thé primary mission for these
facilities was suspended with the exception of waste operations (K-H 2003). Building 374 was
located adjacent to the east side of Building 371 and constructed of reinforced concrete. The
building consisted of three levels: a main or first floor, mezzanine, and basement (Figure 3).
Building 374 primarily housed tanks for receiving and storing liquid process wastes, a drum
handling and storage area, and building support and mechanical equipment and utility area. The
3813 Dock was a later addition on the east end of 374 that was used for shipping and receiving
miscellaneous waste and equipment from on-site processes (K-H 2004a). Building 374 was

designated as a Type 3 facility.
INDEPENDENT VERIFICATION OBJECTIVES

The primary objective for independent veriﬁcatidﬂ survey of Building 371 was to implement the
data quality objectives (DQO) as deﬁned in the independent verification prdgram plan (IVPP) to '
evaluate the prc-demoliﬁon survey (PDS) efforts in Building 374 against the applicable guideline
criteria (ORISE 2004a). Specifically, the IVT collected total surface activity measurements,
smear samples for removable activity, and direct gamma measurements to determine the
adequacy of the Decontamination and Decommissioning (D&D) contractor’s bompliance with

the objectives stated in the approved proj’ect-speciﬁé pre-demolition survey plan (ORISE 2004b).

Rocky Flats Former Building 374 Closure Project , 2 projects/407/Reports/2005-11-22 374 Final Report



DOCUMENT REVIEW

Document reviews of the contractor’s PDS plans, sampling plans, and Pre-Demolition Survey
Report (PDSR) supporting data were conducted by ESSAP. This documentation was used to
develop the ESSAP project-specific survey plan, as well as assess and validate the overall results
reported by K-H (ORISE 2004b).. ' |

A Type A review was implemented to evaluate the PDSR for the Building 374 3813 Dock. The
review generated comments concerning inconsistencies in the presentation of the data as it
related to subject documentation for survey methodology and survey results (ORISE 2004c).
The overriding issue was a misapplication of Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM) guidance protocol in the 'classiﬁcation or the non-
reclassification of survey units based on sampling results (e.g., reclassification of'a Class 2 area
to Class 1 when contamination in excess of the DCGLs identified in the area). However, K-H
took exception to the MARSSIM guidance based on the requirements in the site-specific Pre-

Demolition Survey Plan.

The PDSR of the Building 374 interior was reviewed prior to Building 374 demolition which
indicated that the levels of contamination identified \during the characterization were remediated
successfully to meet the guidancé for unrestricted release (K-H 2005a). Furthermore, the PDSR
indicated that scans, as well as direct measurements (statistically determined per MARSSIM
protocol), were less than the derived concentration gﬁideline levels (DCGLs) for free release (K-
H 2003).

RADIOLOGICAL SURVEY PROCEDURES

Survey activities were conducted in accordance with a project-specific plan and supplemented by
the ORISE/ESSAP Survey Procedures and Quality Assurance Manuals (ORISE 2004b d, and ¢).
Site verification activities were performed during the period of January 17 through

J anua;ry 20, 2005. Verification surveys included low-energy gamma surface scans, alpha surface
scans, and surface activity measurements. Instrumentation included a ﬁcid instrument for the

~ detection of low-energy radiation (FIDLER), gas proportional, dual phosphor and zinc sulfide .
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(ZnS) scintillator detectors coupled to ratemeter-scalers with audible output. Verification

surveys were performed in each of the six Class 1 survey units and in seven Class 2 survey units.

REFERENCE GRID

The IVT used the survey unit reference system established by the D&D contractor to identify

measurement locations. Measurement locations were documented on detailed survey maps

and/or. photographic records.
" SURFACE SCANS

Alpha surface scan coverage for Class 1 survey units ranged from 75 to 100 percent in accessible
areas and for Class 2 survey units, 25 to 75 percent of the accessible areas were surveyed. A |
lower percentage of scans (approximately 5 to 10 percent), were performed on overhead and
upper surfaces. Scans were concentrated on areas such as ledges, support beams, and around
penetratibns or other openings through the.ceiling. Gas proportional detectors or dual phosphor
detectors coupled to ratemeter-scalers with audible indicators were used to perform alpha scans.
Locations of elevated radiation were marked and identified for further investi gation. Scans

~ focused on areas such as ledges, support beams, and around penetrations or other openings

through the ceiling

Gamma scans were performed over ninety percent of accessible floor areas in the DOP001,

DOP002, and DOP003 survey units. All DOP units consisted of the concrete slab that remained

- after building demolition greater than six feet below final grade. Gamma scans were performed
using a low-energy photon FIDLER detectors coupled to ratemeters with audible indicafors.

- Any locaiion identified during the scan was identified for further investigation.

SURFACE ACTIVITY MEASUREMENTS

Total surface activity (TSA) measurements for alpha activity were performed at 174 randomly

- selected and judgmental locations (Figures 4-8). At the request of DOE, two of the

" 174 measurements were obtained from the inlet and outlet of the filter plenum in DOP0O1
(Figure 4). When determined appropriate, a five-point méasurement was made in the contiguous

1 m® area surrounding the location of elevated direct radiation to determine area average activity
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levels. TSA measurements were performed using gas proportional detectors or dual phosphor
detectors coupled to ratemeter-scalers. A smear sample was collected at random and judgmental

TSA measurement locations to determine the presence of any removable surface activity were

sel'ected.

Gamma surface measurements were performed to determine if the remaining building floor slab
' (at greatér than six feet below final gradc)'would meet the surficial radionuclide concentration

| criteria. Thirty-onc gamma surface activity measurements were obtained on the floor in survey

units DOP0O01 through DOP003 (Figure 9). Gamma surface activity measurements were

performed with the FIDLER detector coupled to a ratenieter—_scaler. '

MEDIA SAMPLES

Based on the identification of an area of elevated activity by ESSAP, K-H collected one media
sample, constituting a 100 cm? stamp of concrete, from the west wall in Room 2804 survey unit
(SU) 374001 in an area where a spill had occurred during the D&D process.' The sample was
collected to determine whether or not the contaminant was entrained in the concrete matrix. K-H

obtained a gamma spectrum of the sample and followed up by decontaminating the location.
SAMPLE ANALYSIS AND DATA INTERPRETATION

Smears were returned to the ESSAP laboraiory in Oak Ridge, Tennessee for analysis and
interpretatidn. Analysis of smear samples was performed in accordance with thle ORISE/ESSAP
Laboratory Procedures Manual (ORISE 2004f). Smear samples were analyzed for gross alpha
activity using a low-background proportional counter. The results of field measurement data

_ were converted to units of disintegrations per minute per 100 square centimeters (dpm/100 cm?).

Direct alpha surface activity measurements were calculated based on an alpha efficiency as
specified in ESSAP procedures (which are based on ISO-7503). ESSAP performs a2n
calibration, and multiplies that value by the surface efficiency, that results in total efficiency that '

is a 4% value.

Total gamma surface activity measurements were used to estimate the concentration of isotopic

plutonium based on the Am-241 to Pu-239 ratio of 1:8. The radionuclide of concern for
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Building 374 is 35 year old wéapons grade plutonium (Pu-239/240). Gamma surface activity

measurements were converted to units of nanocuries per gram (nCi/g) based on the calculation : ' |
approach adapted from K-H (K-H 2005bj. Additional information concerning major
instrumentation, sampling equipment, calculation variables, and analytical procedures is

provided in Appendices AandB.

Total and removable activity results presented in Tables 1 to 13 were compared to the following

DOE Order 5400.5 surface activity guidelines (DOE 1993 and.1995):

o Total Activity A
100 a dpm/100 cmz; 1,000 B dpm/100 cmz, averaged overa 1 m? area

300 a dpm/100 cm?; 3,000 B dpm/100 cm?, maximum in a 100 cm? area

Removable Activity
20 a dpm/100 cm?; 200 p dpm/100 cm?

The concrete slab basement floor will remain in placé at six feet below the final grade as
indicated by survey results. Gamzﬁa surface activity measurements obtained by ESSAP were
compared to the 100 nCi/g average surface (defined as 0 to 1 cm concrete-depth) activity over
1 m? (K-H-2004b). '

FINDINGS AND RESULTS

- DOCUMENT REVIEW ‘.

ESSAP reviewed various documents pertaining to the closure of Building 374. ESSAP’s review
of the PDS Plan and Decommissioning Operations Plan (DOP), determinéd that the PDS was
conducted in accordance with specified procedures (K-H 2005). Comments were provided for
K-H to consider. A Type A letter report was prepared by ESSAP of the PDS Plan for Room
3813 Dock (ORISE 2004c). Conclusions reachéd by ESSAP from data cited in the PDS Plan for
the 3813 Doék, indicated that the site release guidelines were met based on survey results and . -

historical usage of the area.
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SURFACE SCANS

Alpha scans were conducted to evaluate the potential for fixed activity. Alpha surface scans
conducted in areas within the 6 feet above final grade (unrestricted release limits) resulted in a
range of activity from 0 to 1,100 cpm. The highest alpha activity of 1,100 cpm was identified on
a piece of support metal along the north wall in Room 2804 (Survey Unit 374001). Scans in
374003 (Class 2 area) identified several locations above the maximum guidelines. Further

investigation by the IV team noted that many of the horizontal surfaces had not been wiped down

as required. In the DOP areas 001 and 002, scans identified one area along the upper south wall
of DOP002 (Room 2801) with TS As ranging from 460 to 1,100 dpm/100 cm®. Smears were
collected to determine if removable activity would be significant and whether or not further

investigation would be needed.

Gamma surface scan results for the DOP areas ranged from 2,400 cpm to 13,000 cpm with the
highest levels detected in the two sumps-located in DOP003 (Room 2804). Water had to be

pumped from the sumps and the surface wiped down prior to obtaining actual measurements.

SURFACE ACTIVITY MEASUREMENTS

TSA measurements are reported in Tables 1 to 13. After the removal of a piece of metal support, -

the activities ranged from -14 to 8,000 dpm/100 cm?. Of the 174 measurements, twenty-six
measurements (15 percent) exceeded the 300 dpm/100 cm? maximum guideline. Areas with the
highest total activity measurements were detected in Survey Units 374001 (Room 2804 along the
north and west wall) and on the ﬂoor of Survey Units 374002 and 374006

Five-point measurement evaluations were perforrned at fifteen locations to determine 1 m?

average activity levels at locations that exceeded the average activity (Table 14). The average

activity ranged from 40 to 330 dpm/100 cm®. Eleven of the fourteen locations (78 .perceni)
exceeded the average of 100 dpm/100 cm?. Measurements for total alpha obtained in the

DOP001 and DOP002 survey areas identified three locations having surface activity exceeding

the hot spot criteria. Each location was smeared and re-measured to determine if contamination

exceeded removable activity guideline levels. Removable alpha activity ranged from
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0 to 80 dpm/100 cm’. The 80 dpm/100 cm’ activity that exceeded the removable criteria was
collected from the inlet side of the filter plenum in DOPQOL.

Surface activity measurements on the concrete slab in DOP areas 001 through 003 were
cbmpared to a field action level of 250,000 cpm that is roughly equivalent to the 100 nCi/g
surface activity averaged over 1 m” of the first centimeter of concrete depth (K-H 2003).
Measurements for surface gamma activity are presented in Tables 15-17. In Survey Units
DOP001, DOP002, and DOP003, the activities ranged from 2,400 to 13,000 cpm (0.'35 to2.34
nCi/g), with the highest activity identified in the east and west sumps of DOP003 which
measured 6,800 and 13,000 cpm, respectively (Table 17). - .

COMPARISON OF RESULTS WITH GUIDELINES
!

Verification survey data results are compared with the DOE-approved site-speciﬁc release
criteria. Measurements exceeding the guidelines were identified in several survey units
throughout the building. Survey units that had measurements exceeding guidelines for the free
release of materials are provided in Table 14. The area having the greatest number of locations
above the average and maximum release criteria were identified on the ground level in Survey
Units 374002 through 374006. Measurements ranged from 0 to 1,900 dpm/100 cm? in these
survey units with the majority of contamination detected on the floor of survey unit 374002.
Forty-two measurement locations in Survey Units 374002 through 374004 and 374006 exceeded -
the guidelines in which, twenty (40 percent) of these exceeded the maximum of
300 dpm/100 cm®. However, no removable activity above the guideline was identified. DOE
and K-H were notified of the findings.

| In two survey units located on the Mezzanine level (374005 and 374008) of Building 374, scans
identified two locations for additional investigation. Static measurements were taken and both
exceeded the maximum TSA guideline at 300 and 330 dpm/100 cm’, respectively. No
measurable removable activity was identified. DOE and K-H were notified of the findings.

In the north truck bay area (Survey Unit 374011), the IVT identified one location that exceeded

_the maximum TSA guideline. A five-point measurement in the contiguous square meter area
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resulted in a.n average activity of 300 dpm/100 cm42 that still exceeded the average guideline. No
rcmovable activity above the guideline was identified. DOE and K-H were notified of the .
findings. h ’

TSA measurements were obtained in Survey Units DOP001, DOP002, 374001, 374010, and
374017 (all in Room 2804) were primarily from upper wall and ceiling locations. All DOP TSA
measurements were on surfaces that were above the final finish grade of the building which were
subject to free release guideline criteria. One location in the DOP0O01 survey unit and three '
locations in the DOP002 survey unit exceeded the maximurn TSA guideline. The one TSA
measurement exceeding the guideline in DOPOOI was obtained from a plenum housing. The
removable activity (80 dpxh/ 100 cm®) exceeded tﬁe glﬁdelme. The ﬂﬁee locations identified in- N
the DOP002 were found on a metal beam just below grating from the ground level floor. No

removable activity above the guideline was found.

Fifty-eight measurements were collected in Survey Units 374001, 374010, and 374017. These
units were subject to the free release guideline criteria for surfaces that were greater than six feet
above the final grade. Of the fifty-eight measurenicnts, two exceeded the maximum hot spot
guideline criteria of 300 dpm/100 cm”. The higher of the two was 8,000 dpm/100 cm? identified
on a metal bracing. This location was also one of only two that had removable activity greater
than 20 dpm/100 cm”. Four TSA measurement locations in Survey Unit 374001 exceeded the -
~average guideline criterii Two of the measurement locations (11 and 12) were remediated by
K-H and the IVT re-evaluated the locations. The post-remediation results included both
locations within the same 1 m? area and were avcraged. The final result met the average '

guideline criteria.

Gamma surface activity measurements were performed in the DOP survey units to determine if
the remaining radionuclide concentration in the building slab would meet the surface criteria of
100 nCi/g. Measurements ranged from 2,400 cpm to 13,000 cpm with a calculated activity of
0.35 to 2.34 nCi/g, well below the concentration guidelines.
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FCLLOW—UP ACTIONS AND CONCLUSIONS

DOE and K-H were notified of all locations that exceeded TSA guideline criteria measurements.
The survey effort identified numerous locations that did not meet the established guideline 4
criteria for the free release of surfaces above six feet below final grade The majority of
measurement locations that exceeded the release guideline criteria was determined to be on the
floor and lower walls in Survey Units 374002 and 374004. In Survey Unit 374001, the highest
activity exceeding the release criteria was found on a ledge on the west wall and another hot spot
along the north side of the wall. These two locations were immediately decontaminated to
acceptable levels by K-H. Five locations were identified in Survey Unit 374003 along the I-
beams and horizontal surfaces of the duct work, as well as four from the upper walls in Survey

Unit 374001 (Room 2804)

All locations that exceeded either the average or maximum guideline release criteﬁa wére
discussed and walked-down by DOE and K-H prior to ESSAP demobilizing: from the site. Per
the direction of DOE, all locations with levels of radioactivity abbve the release criteria were
remediated by either removing the material and equipment or by wiping down the surface. Most }
of the decontamination of identified locations was conducted after ESSAP had demobilized.
Therefore, the K-H post-remediation measurement results were provided to DOE for ESSAP’s
review (DOE 2005a and b). The results indicated that the total surface activity was redtlced to
levels less than release guidelines (DOE 2005a). DOE investigated the reported observations

and subsequently confirmed that aggressive measures were used to remediate remaining

radioactivity above the guideline criteria.

ESSAP reviewed the final results provided by DOE for Building 374 and determined that the
remaining alpha activity levels were below the applicable free release guideline criteria. ESSAP
.de'tennined that all sub-grade slab surfaces greater than six feet below the final grade were well
below the 100 nCi/g guideline. Therefore, it is ESSAP’s position that the Building 374 Closure
Project meets the DOE allowable contamination guidelines. ,

Rocky Flats Former Building 374 Closure Project '1 0 projects/407/Reports/2005-11-22 374 Final Report




FIGURES

Rocky Flats Former Building 374 Closure Project projects/407/Reports/2005-11-22 374 Final Report




407-007 ®

25
Boulder
Denver
10 70
ROCKY FLATS
CLOSURE SITB
25

)

NOT TO SCALE

FIGURE 1: Location of the Rocky Flats Closure Site

Rocky Flats Former Building 374 Closure Project 12 projects/407/Reports/2005-11-22 374 Final Report

\




407010 x)

374

JIC,

NOT TO SCALE

FIGURE2:  Location of the 374 Building

Rocky Flats Former Building 374 Closure Project .

13

" projects/407/Reports/2005-11-22 374 Final Report




407-008 n

@D | %
c r
]
I
i l___rA__1 . !
I
§ ,:<
| a s} L——j 1] ﬁ
— T "
[D" =
i @ -

‘ |

- — 'FORMER WALL

NOT TO SCALE

FIGURE 3:

Rocky Flats Former Building 374 Closure Project

Plot Plan of Building 374

14

projects/407/Reports/2005-11-22 374 Final Report




' A407-001 @

T &1 1 - & -

) 33 '
SWVCYUﬂltDOPWI —— A? 3ty
- A 43
< 40 l A ,
0 a a A3 6 O l 4 ‘D {
PLENUM
> -
A® N A :
, A35
- : ' oA , AS5A
Suve U DO
C‘iw. o o 0 Qs 0
- AA |
APA A CAA A ABA
— r t'\l'* or ==
2
(
D)
* Survey Unit DOPOS
N
MEASUREMENT/SAMPLING '
LOCATIONS o o
A UPPERWALLS AND CEILING
- NOT TO SCALE'

FIGURE4: DOP Area Upper Walls and Ceiling - Mcasurement and Sampling Locations

Rocky Flats Former Building 374 Closure Project 15 projects/407/Reports/2005-11-22 374 Final Report




407-009 @

l.gA tlilel S74001
A A
TEA
17A "
A 27 A A
U7 Yo B |
28 A
isay 14001
1404 25 A
West Wat : Exst Well
374001 5 3 2 ' 12A 74017
{4 _27AA[|A4 A4 A NAAJTA 134, ]
I A 22A
3
A"’ A
18 A 23‘ 24 374010 .
21
South Wall
N
MEASUREMENT/SAMPLING
LOCATIONS —_ 4 Sk
. :::{ OPEN AREA
A /SINGLE-POINT -
UPPER WALLS AND CEILING
NOT TO SCALE

FIGURES: Room 2804 - Upper Walls and Ceiling - Measurement and Sampling Locations

Rocky Flats Former Building 374 Closure Project

16

projects/407/Reports/2005-11-22 374 Final Report




407003 (3)

e T @ 21B ji=—
41B |
°® ®
: 498 By
A @ :
B e ° | 6IB | o228 |
S0B o 54B 0o L@ 4 a tﬂ=’ g
' °
4B g sIB 60B o®
9Be
upg ® o8 oz
428 g ssB @ 13B 5 l0B@
® 4B ® ° ®e o ®  ltB
5B 14B o 1 ®
: 578 P 11B 178 1068
. : 53B B :
9B 433 .' - .rl,‘ . ; : ﬁISBL ks%‘r
Opea to Bm‘mpe"d Open to Basement Level
N
MMSUREMENT/SAMPLING
LOCATIONS Qi
@ # SINGLE-POINT FLOOR T T T T FORMER WALL
o # SINGLE POINT LOWER WALLS
NOT TO SCALE
FIGURE 6: Ground Floor Level - Lower Walls and Floor -

Rocky Flats Former Building 374 Closure Project 17

Measurement and Sampling Locations

projects/407/Reports/2005-11-22 374 Final Report




407004 (5

A T A
ASA AA 54A S7A st &) %!
S1A ’
A
3A
1A J
A
Open to Basement Level - Open to Basement Level J ’
|
Uf
) N
MEASUREMENT/SAMPLING
LOCATIONS . L
A —— —— FORMER WALL
A " SINGLE-POINT ‘
UPPER WALLS AND CEILING
NOT TO SCALE

FIGURE7: Ground Floor Level - Upper Walls and Ceiling -
Measurement and Sampling Locations '

~ Rocky Flats Former Building 374 Closure Project 18 projects/407/Reports/2005-11-22 374 Final Report




407-005 3

r —y
75B
I
;5’
g b :
(25 rooc sot
. pact o 374008)
.74-5

o1 wdp

10014 punozp)

IH008 @708

I |

—_— [ ] l66B

MEASUREMENT/SAMPLING
LOCATIONS
@ #SINGLE-POINT FLOOR

9 #SINGLE POINT LOWER WALLS

™™™~ FORMER WALL

NOT TO SCALE

FIGURES: Mezzanine - Lower Walls and Floor - Measurement and Sampling Locations

Rocky Flats Former Building 374 Closure Project - 19

projects/407/Reports/2005-11-22 374 Final Report




407-006 @)

] D |
o’ L o — —— et
0 o o SWVCYUBﬁDOPOO] o. ll 'IID {
o -
o' 0’ | A ' e
! ® ' o’ o’
. Survey Unit DOPOXY |
2] a (] (] o a
W‘z o ‘ ‘®
: PLENUM 'I : o .

o’ o _ §
N
' )
MEASUREMENT LOCATIONS )
‘ @ !SINGLEPOINT
FLOORS
NOT TO SCALE

FIGUREY: Basement Level - Measurement Locations

Rocky Flats Former Building 374 Closure Project ' 20 projects/407/Reports/2005-11-22 374 Final Report




Rocky Flats Former Building 374 Closure Project

TABLES

" projects/407/Reports/2005-11-22 374 Final Report




TABLE 1

SURFACE ACTIVITY LEVELS
ROOM 2804 SOUTH WALL
SURVEY UNIT 374017
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

' . a | Total Alpha Surfacc Actmty Total Removable Activity
Measurement Location (dpm/100 cm?)® (dpm/100 cm?)
1 : ' 16 : 0
2 _ 160 0
1 m? average at loc. 2° . 46 R T
3 : 24 0
4 : 24 o 1
5 . 40 _ 0

'Rcfer to Figure 5.

®Total alpha surface activity measurements were calculated based on alpha efficiency detammed in accordance with ESSAP’s
calibration procedures.

°Avemge activity based on five measumncnt locations w:thm contiguous squan: meter-of flagged elevated result.
¢. No smear for removable activity rcquu'od.
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TABLE 2

SURFACE ACTIVITY LEVELS
ROOM 2804 NORTH, EAST, AND WEST WALLS
SURVEY UNIT 374001 »
ROCKY FLATS ENVIRQNMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Me»asurement Location® | 10ta] “2;[;) l::/f;; t::‘%)ectivity Total (l;;::‘/’;’::l: n;Az)ctivity
6 87 0
7 56 1
8 24 0
9 32 0
10 40 . 0
11 370 3
1 m? average at loc.11° 230 -9
12 260 -0
1 m? average at loc. 12° 110 -4
1 m’ average®*™® 130 -g
Post RA Average® 110 Y
13 40 0
14 48 U
‘15 16 0
‘16 32 5
17 16 S
25 56 0
26 24 0
27 32 0
28 24 0
29 16 1
30 8 1
1A 230 0
1 m? average at loc, 1A° 170 -4
2A 40 0

" Rocky Flats Former Building 374 Closure Project
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TABLE 2 (Continued)

SURFACE ACTIVITY LEVELS
ROOM 2804 NORTH, EAST, AND WEST WALLS
~ SURVEY UNIT 374001 _
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement Total Alpha Surface Actmty Total Removable Activxty
Location® (dpm/100 cm?)® (dpm/100 cm?

3A 48 0

. 4A 71 0
5A 95 0
6A 480 0
7A 8 0
8A 0 0.
9A 32 0
14A 29 0
15A 14 0
16A 0 3
17A 14 0.
18A 0 0
19A 14 1
20A 7 0
21A 0. -1
22A -7 1
23A 200 3
24A -7 0
25A 8,000 26
28A 170 3

1 m? av;;zfce at loc. 140 a4
“Refer to Figure 5.

Total alpha surface activity measurements were calculated based on alpha efficiency determined in accordance with ESSAP's

calibration procedures.

“Average activity based on five measurement locations within contiguous square meter of ﬂagged elevated result.

?.- No smear for removable activity required.
“Average incorporates both locations 11 and 12 due to their close proximity to each other.
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TABLE 3

SURFACE ACTIVITY LEVELS

ROOM 2804 UPPER SOUTH WALL
SURVEY UNIT 374010
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement Total Alpha Surface Activity Total Removable Activity
~ Location® (dpm/100 cm?)® (dpm/100 cm?)
18 . 16 0
19 ' 32 0
20 40 0
21 ' 32 1
22 16 S
23 : 79 0 .
24 8 1
10A 14 0
11A 22 0
12A -14 1
13A -7 0
26A 7 3
27A ' A 14 1

*Refer to Figure 5. ‘
*Total alpha surface activity measurements were calculated based on alpha efficiency detem'nned in accordance with ESSAP"s

calibration procedures.
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TABLE 4

SURFACE ACTIVITY LEVELS

SURVEY UNIT DOP001
ROOMS 2805, 2801, AND 2808
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement Total Alpha Surface Activity | Total Removable Activity
Location® " (dpm/100 cm?)® - (dpm/100 cm?)
31 16 0
32 0 1
33 100 1
34 8 I
35 32 0
36 ‘16 0
37 48 0
38 16 3
39 32 0
40 79 3
42 370 80
43 16 0
*Refer to Figure 4, l ’

*Total alpha surface activity measuremeats were calculated usi
ESSAP's calibration proced :

ng an alpha efficiency determined in accordance with
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TABLE 5

SURFACE ACTIVITY LEVELS
ROOM 2801—SURVEY UNIT DOP002
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
Measurement Total Alpha Surface Actwnty Total Removable Actmty
Location* (dpm/100 cm?)® " (dpmv100 cm?)

29A 1,000 ' 5

n/a° , 1,100 ' ---°

30A 380 o ' 9

31A 460 ’ 7
n/a’ - 72° ' -t

32A , 14 - 0

33A _ -7 1.

34A 14 1

35A ' 7 0

36A ‘ 29 1

37A 22 5

38A ' - 14 0

39A _ 7 1

*Refer to Figure 4.
®Total alpha surface activity measurements were calcilated using an alpha efficiency determined in accordance w1th

ESSAP’s calibration procedures.

“Measurement location not applicable.
dAdditional measurement was made to determine if activity was removable or was not spread due to smearing the dirty

surfaces.
“—Second smear not required.
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. TABLE 6

SURFACE ACTIVITY LEVELS
SURVEY UNIT 374002
ROOMS 3801 AND 3805
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Location® Total ‘?(lil;) lzasg;? l:e)ActlYlty Total (l:;x:)(/)lv :(I; lcemA)c tivity
39B ' 72 : 0
40B . 43 0
41B 14 0
42B : 1,800 3
43B S22 0
44B ' 430 0
45B ' 1,900 0
46B ' 1,200 0
47B _ 79 1
48B ‘ 65 0
49B A 43 1
' 50B 1,800 3
51B . © 750 0
52B ' 170 0
- 1 m? average at loc. 52B° 84 -4
| 53B 22 0
54B 79 0
55B 79 1
56B 1 43 0
57B I 1,900 3
58B 1,100 1
59B ‘ 570 1
60B 740 0
- 61B : 65 0
-*Refer to FlgurcG

bTotal alpha surface activity measurements wete calculated based on alpha efficiency detemnned in accordance with ESSAP’s

calibration procedures.
cAverage activity based on five measurement locations within contiguous square meter of flagged elevated result. .

4. No smear for removable activity required.
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TABLE 7

SURFACE ACTIVITY LEVELS
SURVEY UNIT 374003
ROOM 3801
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
,_Measuremen ¢ Location® Total .‘(x;;::/ lS(;xoric‘a;c‘e)Actlvnty Total(l;;:;)lv::lcem A;:tmty
40A 36 : 0
41A 0 0
42A 350 - ‘ 1
43A 29 , 0
A A 220 _ 11
1 m? average at loc. 44A° | . 140 -4
' 45A 270 : 18
1 m? average at loc. 45A° 230 . _ -4
46A : 170 : | 7
1 m? average at loc. 46A° 140 ' 1 -
47A° 270 ‘ -7
, 48A | 270 -7
1 m* average at loc. 48A° 240 . ‘ S
49A 220 / 9
1 m? average at loc. 49A° : 190 ' S
50A - 240 ' 7

*Refer to Figure 7. '
®Total alpha surface activity measurements were calculated based on alpha efficiency determined in accordance with ESSAP s
calibration procedures.
cAverage activity based on five mcasuremmt locations within contiguous square meter of flagged elevated result.

9. No smear for removable activity required.
“No average activity calculated. Kaiser Hill representatives committed to clean all upper surfaces on the Ground Floor, Survey
Unit 374003.
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TABLE 8

SURFACE ACTIVITY LEVELS
SURVEY UNIT 374004
ROOMS 3809 AND 3810
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement Location® Total A(‘;I; l::,f %?;e)ACt'“ty‘ Total(l(};l:‘;);::lcemA)cuwty
‘ 19B 270 ' 11
1 m’ average at loc. 19B° 180 -
- 20B 36 ' 1
21B 14 0
22B 79 3
23B 43 1.
- 24B _ .36 0 ’
25B 36 3
26B _ 14 0
27B 22 0
28B ' 58 1
29B 36 0
30B 29 0
31B 7 0
32B . 22 T
33B 7 0
34B 58 1
35B 29 0
36B -7 1
37B 400 1
38B - .510 7
*Refer to Figure 4. .
®Total alpha surface activity measurements were calculated based on alpha cfficiency determined in accordance with ESSAP’s

calibration procedures.
°Average activity based on five measurement locanons within contiguous square meter of flagged elevated result.

%._- No smear for removable activity required.
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TABLE 9

SURFACE ACTIVITY LEVELS

SURVEY UNIT 374005
ROOMS 3809 AND 3810

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

' . s | Total Alpha Surface Actmty Total Removable Achvnty
Measurement Location (dpny/100 cm )b (dpm/100 cm )

51A 110° 1 '
52A 220° 11

S53A 22 1

54A 170° - 5

55A 29 0

56A 65 . 1

57TA 300° 5

S8A 29 0

S9A . 14 0

60A 22 0

*Refer to Figure 7.

®Total alpha surface activity measurements were calculated based on alpha efficiency determined in accordance with ESSAP’s
calibration procedures. -

°No average activity calculated. Kaiser Hill representatives comenitted to clean all upper surfacw on the Ground Floor, Survcy
Unit 374003.
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TABLE 10 | ' . f \

SURFACE ACTIVITY LEVELS
ROOM 4802 MEZZANINE
SURVEY UNIT 374005
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
. _a | Total Alpha Surface Actlvity Total Removable Activity
Measurement Location (dpm/100 cm?)® (dpm/100 cm?)

74B : 32 0
75B 56 0
76B 40 - 1
77B 79 1

*Refer to Figure 7.
®Total alpha surface activity measurements were calculated using an alpha efficiency determined in accordance with ESSAP’
calibration procedures. _
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TABLE 11

SURFACE ACTIVITY LEVELS
SURVEY UNIT 374006
: ROOM 3803
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Location® | 1°¢2! ?tlli; l:,f:;‘: :‘e)Actlvnty Total (l;;‘:;lv ;: l:n'é)c tvity
7B 460 ' 1.
8B - 710 ‘ B |
9B - 260 B ‘1
1 m? average at loc. 9B° ‘ 140° 1
10B ' ' 310 0
11B 65 1
12B - 87 0
13B : : 79 0
14B ' : - 65 1
15B 14 0
16B 14 0
17B ' ' 0 1
18B 7 0
"Refer to Figure 3.
®Total alpha surface activity measurements were calculated based on alpha efﬁclency determined in accordance with ESSAP’s
calibration procedures.

‘Avcragc activity based on five measurement locations thlun cormguous square meter of flagged elevated result.
9__. No smear for removable activity required.

Rocky Flats Former Building 374 Closure Project 33 projects/407/Reports/2005-11-22 374 Final Report




TABLE 12

SURFACE ACTIVITY LEVELS
MEZZANINE
SURVEY UNIT 374008
- ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Location® | 10} ‘2‘:{; l:/f;or?:’g)ectivity T9tal (l;;:::;;' &:’ lcenf%)c tivity
62B ' 71 ' 3
63B ‘ 32 0
64B- - 56 0
65B - 330 1

1 in’ average at loc. 65B° 83 -
66B . 120

1 m? average at loc. 66B° 59 o —
67B 8 0
68B : 48 0
69B 32 0
70B 1 48 0
71B 40 0
72B | 32 0
73B ‘ 330 3

*Refer to Figure .

®Total alpha surface activity measurements were calculated based on alpha efficiency determined in aocordance with ESSAP’s
calibration procedures.

i ‘Avcragc activity based on five measurement locations within contiguous square meter of flagged elevated result.
9. No smear for removable activity required.
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TABLE 13

SURFACE ACTIVITY LEVELS

. SURVEY UNIT 374011
ROOM 3811

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SIT E

GOLDEN, COLORADO

. a | Total Alpha Surface Activ:ty Total Removable Actwnty
| Measurement Location (dpm/100 cm?)® (dpm/100 cm?)
41 510 5
1 m? average at loc. 41° 330 -4

*Refer to Figure 3.

®Total alpha surface activity measurements were calculated based on alpha efficiency dctermmed in accordance with ESSAP’s

calibration procedures.

‘Average activity based on five measurement locations within connguous square meter of flagged elevated result.
9_—. No smear for removable activity required.
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TABLE 14

SUMMARY OF SURFACE ACTIVITY LEVELS

IN EXCESS OF GUIDELINES .
ROCKY FLATS ENVIRONMENTAL TECHNOLOQGY SITE
‘ GOLDEN, COLORADO
Measurement Total Alpha Total Removable
Room Survey Unit tion® Surface Activity Activity
Loca (dpm/100 cm?) (dpm/100 cm?)
L 29A 1,000 . 5 |
30A 380 9
31A 460 7
, 31A° 72 -
2808 Plenum 42 370 80
2804 South | 374017 2 160 0
Wall 1 m® average 46 4
at loc. 2°
2804 374001 1A 230 0
"1 m? average ' d
atloc. 1A° 170 -
6A . 480 0
11 370 3
12 1260 0
1 m® average ‘
o atloc. 11 & 130 -9
12° :
23A 200 3
25A 8,000 26
28A 170 3
1 m® average 4
at loc. 28A° 140
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TABLE 14 (Continued)

SUMMARY OF SURFACE ACTIVITY LEVELS

IN EXCESS OF GUIDELINES .
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO .
.- Measurement Total Alp!m' . Total Rgnfovable
Room Survey Unit Location® Surface Actlvzltz' Activity ,
: (dpm/100 cm®) (dpm/100 cm?)
3805 374002 42B 1,800 ‘ 3
44B 430 0
45B 11,900 0
46B 1,200 0
50B 1,800 3
51B 750 0
52B 170 0
2
atlon, St 84
5B 1,900 -3
58B " 1,100 1
'59B 570 1
42B 1,800 3
60B 740 0
3801 374003 42A 350 1
44A 220 11
2
atloo 4455 140
45A 270 18
2
46A 170 7
5 _
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TABLE 14 (Continued)

SUMMARY OF SURFACE ACTIVITY LEVELS

. IN EXCESS OF GUIDELINES
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE |
GOLDEN, COLORADO
Measurement Total Alpha Total Removable
Room Survey Unit Location® Surface Acthi Activity \
(dpn/100 cm®) (dpm/100 cm®)
3801 374003 47A 270 7
(Continued) | (Continued) 48A : 270 : 7
1 m* average - : ’
at loc. 48A° 240 -4
3805 374003 - 49A 220 9
1 m? average ~
at loc. 49A° 190 .
50A 240 7
3809 374004 19B 270 11
2
laﬁozvga]f‘e 180 -~
3810 374004 37B 400
A 38B ‘ 510 7
3810 374005 51A 110 1
52A 220 - 11
54A 170 ' 5
3809 374005 57A 300 -5
3803 374006 7B : 460 1
' 8B 710 - 1
9B 260 1
3 :
oo ont” 40
10B 310 0
4807 374008 65B 330 ' 1
— :
atlos. 658 83 —
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TABLE 14 (Continued)

SUMMARY OF SURFACE ACTIVITY LEVELS

IN EXCESS OF GUIDELINES
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO '
Measurement Total Alpha Total Removable
Room Survey Unit Location® Surface Activi Activity
' (dpm/100 cm?) (dpm/100 cm?)
4801 374008 66B 120 0
' 1 m? average 59 _d
at loc. 66B° .
4805 374008 73B 330 3
3811 374011 41 510 5
A 1 m? average ,
at loc. 41° 330 -4

*Refer to Figﬁres 4-8. - )
bTotal alpha surface activity measurements were calculated based on alpha efficiency determined in accordance with ESSAP’s
calibration procedures.

“Average activity based on five measurement locations within contiguous square meter of flagged elevated result.
4. No smear for removable activity required

“Additional measurement was made to determine if activity was removable or was not spread due

surfaces,
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TABLE 15

GAMMA SURFACE ACTIVITY LEVELS
AND VOLUMETRIC CONCENTRATIONS

SURVEY UNIT DOP001
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
' GOLDEN, COLORADO
Location® . FIDLER Result (cpm) ~ Volumetric R
- Concentration (nCi/g)
! 3,000 043
2 2,600 0.38
3 3,200 | 0.46
4 3,100 0.44
5 2,700 - - 0.39
6 2,400 0.35 .
7 3,300 | 0.47
8 3,500 | 0.50
9 3,700 0.53

*Refer to Figure 9. ’ '
"Calculated based on assumptions in Rocky Flats Calculation Number 05-RS-0002 (K-H 2005b).
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TABLE 16

GAMMA SURFACE ACTIVITY LEVELS
AND YOLUMETRIC CONCENTRATIONS

SURVEY UNIT DOP002 .
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Location® FIDLER Result (cpm) Conce:::::tlz::?:ﬁl g
1 3,100 045
2 3,600 0.52
3 3,100 0.44
4 .3,100 '0.45
5 3,100 0.45
6 3,600 0.52.
7 3,700 0.53
8 3,500 0.50
*Refer to Figure 9. : '
2 (K-H 2005b).

*Calculated based on assumptions in Rocky Flats Calculation Number 05-
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TABLE 17

GAMMA SURFACE ACTIVITY LEVELS
AND YOLUMETRIC CONCENTRATIONS
SURVEY UNIT DOP003
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO. :

Location® FIDLER Result (cpm) Concezf,':::::r(':c,,g)
1 3,400 0.61
2 3,400 0.61
3 3,500 | 0.63
4 2,700 - | 0.48
5 3,600 0.64
6 3,300 0.59.
7 3,000 | 0.53
8 ~ 3,300 0.60
9 13,300 10.60
10 3,200 . 057
T 3200 0.58
12 3,400 . . 0.61

13 (Sump #2) 6,800 1.22

14 (Sump #1) 13,000 - 234

*Refer to Figure 9. '

SCalculated based on assumptions in Rocky Flats Calculation Number 05-RS-0002 (K-H 2005b).
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APPENDIX A
MAJOR INSTRUMENTATION

The display of a specific pfoduct is not to be construed as an endorsement of the product or its
manufacturer by the author or employer.

SCANNING INSTRUMENT/DETECTOR COMBINATIONS

| Alpha

Ludlum Ratemeter-Scaler Model 2221

coupledto .
Ludlum Gas Proportional Detector Model 43-68, Physical Area 126 cm?

(Ludlum Measurements, Inc., Sweetwater, TX)

Ludlum Floor Monitor Model 239-1
combined with
Ludlum Ratemeter-Scaler Model 2221

coupled to
Ludlum Gas Proportional Detector Model 43-37, Physical Area: 550 cm’

(Ludlum Measurements, Inc., Sweetwater, TX)

Ludlum Ratemeter-Scaler Model 2221

coupled to -
Ludlum Alpha Scintillation Detector Model 43-89 or 43-90, Physwal Area: 100 cm?

(Ludlum Measurements, Inc., Sweetwater, TX)

.
Gamma

Ludlum Ratemeter-Scaler Model 2221
(Ludlum Measurements, Inc., Sweetwater, TX)
coupled to

BICRON Nal Scintillation Detector |

Model G5 FIDLER o

(Bicron Corporation, Newburg, OH)

DIRECT MEASUREMENT INSTRUMENT
Low Background Gas Proportional Counter

Model LB-5100-W
- (Canberra/Tennelec, Oak Ridge, TN)
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APPENDIX B
SURVEY AND ANALYTICAL PROCEDURES

PROJECT HEALTH AND SAFETY

A walkdown of the project area was performed to evaluate the survey areas for potential health
and safety issues that may not have been identified by the site. Additionally, the proposed survey
and sampling procedures were evaluated to ensure that any hazards inherent to the procedures
themselves were addressed in applicable job hazard analyses (JHAs). The procedures entailed
minimal potential hazards that were currently addressed in ESSAP JHAS.

Personnel adhered to the site health and safety requirements. Project training requirements were
met prior to entry into the surw)ey areas. General employee radiological training for site access

. was completed and the IVT completed beryllium worker qualification, including on-site
physfcal, chest x-ray, and classroom lecture. In addition, the IVT received building specific
entry and safety requirements. Confirmatory survey activities were conducted in areas that were
not downposted for radiation or beryllium contamination and site dosimetric considerations were

applicable.

 QUALITY ASSURANCE

Calibration

Analytical and field survey activities were conducted in accordance with procedures from the

) fbl}owing documents of the ESSAP:

’ Survey Procedures Manual (September 2004)
. Laboratory Procedures Manual (August 2004)
. Quality Assurance Manual (August 2004)

The procedures contained in these manuals were developed to meet the requirements of

Department of Energy (DOE) Order 414.1B and the U.S. Nuclear Regulatory Commission
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Quality Assurance Manual for the Office of Nuclear Material Safety and Safeguards and contain

measures to assess processes during their performance.

Quality control procedures include: '

. Daily instrument background and check-source measurements to confirm that equipment
operation is within acceptable statistical ﬂuctuatxons

. Participation in MAPEP, NRIP, and ITP Laboratory Quality Assurance Programs

. Training and certification of all individuals performing procedures.

. Periodic internal and external audits.

Calibration of all field and laboratory instrumentation was based on standards/sources, traceable
to NIST, when such standards/sources were available. In cases where they were not available,
standards of an industry recognized organization were used. Instrumentation had to be re-
calibrated once at the site because of the effect of altitude on detection capability.

Detectors used for assessing total surface alpha activity were calibrated in accordance with ISO-
7503' recommendations. The total efficiency (€wrr) was determined for each instrument/detector

combination and consisted of the product of the 2x instrument efficiency (g;) and surface

efficiency (&): €woul = & X &

The alpha calibration efficiency for detectors used for the project, calibrated to Am-241 was
typically between 0.10 and 0.11. The alpha calibration source was selected based on the alpha
energy distribution of the radionuclide 6f concern. ISO-7503 recommends an € of 0.25 when
measuring glpha emitters. Calibration source emission rates were corrected for geometry when

the sources used were smaller than the detector window area.

The gamma calibration efficiency for the FIDLER detector was determined to ISO-7503

recommendations. A NIST traceable Am-241 calibraﬁoh source (maximum gamma energy of

'International Standard. ISO 7503-1, Evaluation of Surface Contamination - Part 1: Beta-emitters (maxinum beta
energy greater than 0.15 MeV) and alpha-emitters. August 1, 1988,
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59.5 KeV) was used to develop the optimal instrument efficiency using a 4 7 source activity.
The calculated &1 ranged between 0.08 to 0.11, depending on the detector. The calibration

source emission rates were corrected for geometry when a source larger than the detector was

. used.

SURVEY PROCEDURES
Surface Scans

Surface scans were performed by passing the detectof slowly over the surface. The distance
between the detectors and surface was maintained at a minimum, nominally about 1 cm. A large
surface area, (600 cm?) gas proportional floor monitor was used in a qualitatively posture to scan
the floors. Other surfaces (walls, ceilings, ledges, etc.) were scanned using a small area 126 cm’
hand-held gas proportional detector or using a 100 cm? alpha scintillator detector. DOP areas
were scanned uging a low-energy photon FIDLER detector with a probe area 127 cm?.
Identification of elevated levels was based on increases in the audible signal from the recording

and/or indicating instrument.

Scanning for alpha emitters must be derived differently than scahning for beta and gdmma ‘
emitters. For the most part, the background response of most alpha detectors is very-close to
zero, typically registering no more than 2 or 3 cpm. The equation for alpha scan MDC is based
on the MARSSIM® equation in Appendix J:?

The nominal scan rate for alpha scan is determined to range from 2 to S cm/s. The probability of

detecting one count should be specified as at least 90%, but frequently it will be 95% (i.e., 0.95).

Finally, the use of a 100 cm” hot spot size allows the calculation of alpha scan MDC.in units of
dpm/100 cm’.

*NUREG-1575. Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM), U.S. Nuclear
Regulatory Commission. Washington, DC; June 2000,
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In considering an evaluation of the scan MDC for Pu-239 on a concrete slab, a scan speed of 3
cm/s 1s assumed such that a residence time of 3.33 seconds is maintained over the
contamination. Typically, an instrument efﬁéiency is assumed to be 0.44 and the surface
efficiency is 0.25 according to ISO-7503. The scan MDC is based on a 90% probability of
detecting one count: Using these parameters this equation yields a scan MDC of 380 dpm/areas

~ depicted as follows:

[~ In(1 - 0.9)] 60
(0.44)0.25)3.33)

a scan MDC = = 380 dpm/100 cm’

For backgrounds greater than zero, e.g., 1 to 3 cpm, the calculational approach and scan MDC
result are still valid, however, it is at the expense of an increased false positive rate. That is, the
surveyor will be more likely to mistake background as contamination. For background count
rate on the order of 5 to 10 cpm, a single count should not cause a surveyor to investigate further,

primarily because there would be an inordinate amount of false positives.

Specific scan MDC:s for the Nal scintillation detector for the radionuclide mixture in concrete
were not determined as the instrument was used solely as a qualitative means to identify elevated
gamma activity however, MDCs for radionuclides in the concrete would approximate those

contained in NUREG-1507.

Surface Activity Measurements

Measurements for total surface activity levels were primarily performed using gas proportional
detectors with portable ratemeter-scalers. Surface activity measurements were performed on

upper room surfaces, some equipment, and at locations of elevated direct radiation.

Gamma surface activity measurements were performed using the FIDLER detector. A
Microshield ™ program calculation was performed based upon calibration variables and detector
attributes to determine a field action level. The result calculated a field action level of 250,000

cpm that was used to conduct additional investigation.
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Count rates (cpm), which were integrated over one minute with the detector held in a static
position, were converted to activity levels (dpm/100 cm®) by dividing the net rate by the total

efficiency (s;xsg) and correcting for the active area of the detector.

Gainma count rates were integrated over one minute using the FIDLER. Count rates (cpm) were
converted to nanocuries per gram (nCi/g) using the following equation: '

cpm [ 127 m® . nGi *sPu
&% £, % 127cm’ W ) \2220dp Am

where: -

er = Total Efﬁciency = 0.08 ,
. & = Attenuation Correction Factor for Painted Surfaces = 0.679

W =Volume * Dcnéity of Concrete = 127cm? * 1 cm * 2.35 g/em® =298.45 g
Note: Volume is calculated as physical detector area x DCGL depth

8 = ratio of Pu-239 to Am-241 for 35-year old WGP

Removable Activity Measurements

Removable gross alpha levels were determined using numbered filter paper disks, 47 mm in
diameter. Moderate pressure was applied to the smear and approximately 100 cm? of the surface
was wiped. Smears were placed in labeled envelopes with the location and other pertinent

information recorded.

ANALYTICAL PROCEDURES

Gross Alpha
Smears were counted for two minutes on'a low-background gas proportional system for gross

~ alpha activity. The iypical MDC of the procedure was 9 dpm/100 cm? for gross.alpha activity.
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Uncertainties and Detection Limits

The uncertainties associated with the analytical data presentéd in the tables of this report -
represent the 95% confidence level for that data. These uncertainties were calculated based on

both the gross sample count levels and the associated' background count levels.

Detection limits, referred to as minimum detectable concentration (MDC), were based on 3 plus

4.65 times the standard deviation of the background count [3 + (4.65 vVBKG )). Because of
variations in background lévels, measurement efficiencies, and contributions from other

radionuclides in samples, the detection limits differ from séniple to sample and instrument to.
instrument.
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APPENDIX C

RESIDUAL RADIOACTIVE MATERIAL GUIDELINES
SUMMARIZED FROM DOE ORDER 5400.5 (DOE 1990)

BASIC DOSE LIMITS

The basic dose limit for the annual radiation (excluding radon) received by an individual member
of the general public is 100 mrem/yr. In implementing this limit, DOE applies as low as
reasonably achievable principles to set s1te-spec1ﬁc guxdelmes

EXTERNAL GAMMA RADIATION

The average level of gamma radiation inside a building or habitable structure on a site that has
no radiological restriction on its use shall not exceed the background level by more than 20 xR/h
and will comply with the basic dose limits when an appropriate land-use scenario is considered.

SURFACE CONTAMINATION GUIDELINES

Allowable Total Residual Surface Contamination

(dpm/ 100 cm 2y

Radionuclides® Average™ Meaximum®. _ Removable® -

Transuranics, Ra_226, Ra_228, 100 300 20

Th_230 Th_228, Pa_231, Ac 227,

11251129

Th_Natural, Th_232, Sr_90, 1,000 3,000 200.

Ra_223,Ra 224,U 232,

1.126,1 131,1_133

U_Natural, U_235, U_238, and - 5,000 15,000 - 1,000
~ associated decay products ‘

Beta_gamma emitters (radionuclides 5,000 150000 1,000

with decay modes other than
alpha emission or spontaneous
fission) except Sr_90 and others
noted above
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*As used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive material as
determined by correcting the counts per minute measured by an appropriate detector for background, efficiency,
and geometric factors associated with the instrumentation.

_ l’Where surface contamination by both alpha- and beta-gamma-emitting radionuclides exists, the limits established
for alpha- and beta-gamma-emitting radionuclides should apply independently.

‘Measurements of avcrage contamination should not be averaged over an area of more than 1 m”. For objects of
less surface area, the average should be derived for each such object.

“The average and maximum dose rates associated with surface contamination resulting from beta-gamma emitters
- should not cxcced‘ 0.2 mrad/h and 1.0 mrad/h, respectively, atadepth of 1 cm.

°The maximum contammauon level applies to an arca of not more than 100 cm’.

*The amount of removable radioactive material per 100 cm’ of surfacc area should be determined by wiping an
area of that size with dry filter or soft absorbent paper, applying moderate pressure, and measuring the amount of

" radioactive material on the wipe with an appropriate msmxment of known efficiency. When removable
contamination on objects of surface area less than 100 cm? is determined, the activity per unit area should be based
on the actual area and the entire surface should be wiped. The numbers in this column are maximum amounts.
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The Oak Ridge Institute for Science and Education (ORISE) is a U.S. Department of Energy facility focusing on
scientific initiatives to research health risks from occupational hazards, assess environmental cleanup, respond to
radiation medical emergencies, support national security and emergency preparedness, and educate the next generation
of scientists. ORISE is managed by Oak Ridge Associated Universities. Established in 1946, ORAU is a consortium
of 91 colleges and universities. - ‘

NOTICES

The opinions expressed herein do not necessarily reflect the opinions of the sponsoring institutions of Oak Ridge
Associated Universities.

This report was prepared as an account of work sponsored by the United States Government. Neither the United States
Government nor the U.S. Department of Energy, nor any of their employees, makes any warranty, expressed or implied,
or assumes any 1 egal liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe on privately o wned rights.
Reference herein to any specific c ommercial product, process, or service by trade name, mark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement or reconendation, or favor by the U.S. Govemment
or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of
the U.S. Government or any agency thereof.
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VERIFICATION SURVEY REPORT
OF THE
- FORMER BUILDING 707
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

| INTRODUCTION AND SITE HISTORY

The Atoinic Energy Com_nﬁssion, predecessor agency to the U.S. Department of Energy (DOE),
selected the Rocky Flats site in 1951 to serve as a nuclear weapons componént production
facility. Production began in 1952 on both nuclear and non-nuclear components with the
plutonium pits being the key component. Uranium and beryllium were also utilized in the
production of various components and processes. Operations continued until 1989 when
environmental and safety concerns temporarily halted operations. There were over 700
structures, such as process and support buildings that were involved in the site’s mission. In
1993, the production mission was permanently ended and a new mission to clean up the site by
2006 was initiated. The site has since been renamed as the Rocky Flats Environmental
Technology Site (RFETS). ‘

Kaiser-Hill Cémpany, L.L.C. (K-H), is the DOE contractor responsible for closure of the RFETS
by the year 2006. To meet the closure goal, K-H plans to characterize, remediate, perform pre-
demolition surveys (PDS) and then demolish each building at the site. Decontamination for the
purpose of demolition and disposal has been completed by K-H for Building 707.

. Facilities associated with Building 707 were constructed in the early 1970’s to house the

- manufacturing processes formerly performed in Building 776/777. These procésses involved the
casting, forming, métallurgy, and machining of plutonium metal feed and the assembly and non-
destrucfive testing of the finished weapons components. Plutonium components were then
joined with parts constructed from uranium, beryllium, or stainless steel into subassemblies
which were then joined into final assemblies. These operations-continued until production was
suspended in 1989, and the subsequent discontinuation of operations in 1991, when activities in
Building 707 and associated facilities were redirected to the new mission of site closure (K-H
2002a).
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Decontamination, followéd by demolition and waste disposal, has been completed by K-H for
Building 707. The decommissioning activities included removal of components and equipment
followed by decontamination of the structure and performance of pre-demolition surveys.
Building 707 was designated as a Type 3 facility and Buildings 708, 709, 718, 731, 732, 778 and
one of the above ground .storage tanks (ASTs) were designated as Type 2 facilities. in accordance
with the RFETS decommissioning program plan (K-H 1999). |

The DOE’s Rocky Flats Project Office (RFPO) requested that the Environmental Survey and
Site Assessment Program (ESSAP) of the Oak Ridge Institute for Science and Education
(ORISE) provide independent verification (IV) of the final faidiological status of the Former
Building 707. ' '

SITE DESCRIPTION

The RFETS is located approximately 16 miles northwest of Denver, Colorado on State Highway |
93 and Cactus Road. RFETS occupies approximately 385 acres within the 6,000 acre DOE
reservation site. During operations at the site there were approximately 700 buildings and
structures (Figure 1). Most of the structures were associated with the production of nuclear
weapons. The site was divided into two major operable units, the DOE Retained Area and the
Site Refuge Area. All nuclear facilities at the site are within the boundaries of the Industrial
Area (ORISE 2004a). -

The Building 707 facilities were located within the Protected Area of the RFETS, The Building
707 complex facilities included 10 suppoit facilities and 21 ASTs (K-H 2002a) (Figure 2).
Building 707 consisted of two-stories with a basement. A one-story addition was located on the
east side of the main structure. The plot plans in Figures 3 and 4 prdvide an overall layout-of the
ﬁrsf and second floors in the building. The interior first floor consisted of separate modules for
the various production activities. The second floor housed the ventilation fans, filter picnums,
pumps, and tanks that supported operations. The basement contained various spent solvent and
machine oil tanks. Building 778 was a metal Butler buildihg that provided access to Building
707 from Building 776. This structure was significant because it contained a portion of the
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chainveyor system utilized in Building 707 to transport materials to various production areas K-

H 2002a).

INDEPENDENT VERIFICATION OBJECTIVES

The objectives of the Building 707 independent verification surveys were to confirm that

remedial actions were effective in meeting the applicable unrestricted release criteria and that

' K-H documentation accurately and adequately described the final radiological conditions of the

associated areas. The IVT utilized the Multi-Agency Radiation Survey and Site Investigation
Manual (MARSSIM) guiding principles to conduct verification activities to expeditiously assess
the D&D contractors’ process.

For the most part, the IVT performed final status surveys in over 90 percent of the survey units
selected. However, the IVT implemented an in-process inspection that evaluated the potential
outcome of the survey based on the review of significant documentation and procedure
implementation for areas not physically evaluated. This included reviewing the methodology
used to: (1) classify areas according to contamination potential; (2) procedures for the selection,
calibration, and use of survey instrumentation; and (3) adequacy of survey and analytical
planning and procedures. Review activities were also focused on procedures that the IVT had
not evaluated during verifications of other RFETS closure projects (ORISE 2004a).

DOCUMENT REVIEW

The IVT performed document reviews and provided comments, as appropriate, on the D&D
contractor’s Deconimissioning Operations Plan and Pre-Demolition Survey Plans as part of the
independent verification process (K-H 2002a and b). The initial Pre-Demolition Survey Reports
(PDSRs) for the Building 707 were reviewed for implementation of the sampling and
measurement process and to assess the data quality objectives for the final results of the
remediation effort. Follow-up data were reviewed and evaluated to assure that survey units with
locations identified by the IVT which exceeded the guidelines were addressed tin'ough
remediation or properly dispositioned (Appendix D). The final 707 PDSRs for both the first and
second floor were reviewed by the IVT (K-H 2004a and b). The report indicates that a
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significant effort by K-H to remediate or identify components that will be removed during
- demolition has resulted in a final structure that will meet the established criteria prior to

demolition.

SURVEY PROCEDURES

K-H subdivided the 707 facility into 146 survey units—87 Class 1, 34 Class 2, and 25 Class 3.
The IVT selected approximately 30 percent of the Class 1 and Class 2 survey units for Type B
verification in Building 707. The IVT conducted verification survey activities in accordance
with the ORISE/ESSAP Survey Procedures and Quélity Assurance Manuals (ORISE 2004b and
2004c).

REFERENCE GRID

The IVT utilized the survey unit reference-systcm established by the D&D contractor to identify

measurement and sampling locations. Measurement and sampling locations were documented

on detailed survey maps. -
-SURFACE SCANS

ESSAP selected 46 survey units, approximately 30 percent of the total survey units, for
verification (Figures 5 to 22). The selected survey units included thirty-one Class 1, fourteen
Class 2 survey units, and one Class 3. Alpha surface scan coverage for selected Class 1 survey
units covered 100 percent of accessible first floor (floor) survey units, approximately 50 to

70 percent of the second floor (floor) survey units, and approximately 20 to 40 percent for lower
walls. Scans on selected Class 2 and 3 survey units ranged from 20 to 50 percent on floors,

10 percent on lower wails, approximately 5 percent of overhead and upper wall surfaces, ahd
approximately 50 percent of former air handling units’ exterior and interior surfaces. Overhead
and upper surface scans focused on areas such as ledges, support beams, and around penetrations
or other openings through the ceiling. Surface scans were performed using instrumentation
based on the best available technology and the type of contamination. Standard survey
instruments included gas proportional detectors and dual phbspho,f detectors. Detectors used for
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séanning were coupled to ratemeter-scalers with audible indicators. Locations having activity
measurements greater than field action levels were identified and marked for further

investigation.
SURFACE ACTIVITY MEASUREMENTS

The IVT performed direct measurements for total alpha surface activity at 495 locations in the
selected survey units. These survey units include first floor modules “A” through “J”, “K”

second floor survey area annex “C”. In the first ﬂoor module “C”, direct comparison '
measurements at locations identified by the D&D contractor were obtained and evaluated.

Surféce activity measurements were obtained using gas proportional detectors and dual phosphor -

~ detectors coupled to ratemeter-scalers. A smear sample for determining removable gross alpha

activity was collected at each direct measurement location.

Material specific background measurements for poured concrete (as percent of the building
surface) were collected for correcting gross activity measurements performed on structural

surfaces.

SAMPLE ANALYSIS AND DATA INTERPRETATION

Radiological samples and data were returned to the ORISE/ESSAP laboratory in Oak Ridge,
Tennessee, for analysis and interpretation. Radiological sample analyses were performed in
accordance with the ORISE/ESSAP Laboratory Procedures Manual (ORISE 2004d). Smear
samples were analyzed for gross alpha and gross beta activity using a low-background gas

| proportional counter. Smear sample aﬁd direct measurement data were converted into units of
dpm/100 cm?. Radiological data were compared to the D&D contractor’s results and the .
established unrestricted release criteria for Building 707.
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FINDINGS AND RESULTS

DOCUMENT REVIEW

The review of the project-generated final data and Pre-Demolition Survey Reports, including the
Quality Assurance Scan Surveys document (Appendix D) did not indicate the presence of any
residual contamination exceeding the guidelines, other than the identified areas which were
marked to be removed as radiological waste during demolition (DOE 2004).

SURFACE SCANS

Alpha surface scans were performed in all 46 survey units on the floors, lower walls, overhead,
and upper walls. Alpha scan activity ranged from 0 to 6,000 cpm. The highest alpha levels were
identified on the “J” module floor and “K” module walls. ESSAP did not collect measurements
in this area of “K” module; rather K-H was notified of ESSAP’s findings so that additional
remediation could be conducted. | '

K-H provided post-remediation data for review. The results indicated that the majority of
activity on the wall was less than 300 dpm/100 cmz; however, activity remained at certain
locations which exceeded the maximum guideline. However, these areas were covered and

suBsequently removed during demolition (K-H 2004a).
SURFACE ACTIVITY MEASUREMENTS

Total surface aétivity and removable activity measurements quantified the elevated areas of
activity identified during scanning (Table 1). Prior to additional remediation, total alpha surface
activity ranged from -36 to 31,000 dpm/100 cm®. Areas with the highest total activity
n;eésurements were detected in module “A” survey unit 707027, module “B” survey unit

707 035, and module “J” survey unit 707095. Removable alpha activity ranged from 0 to

470 dpm/100 cm? with the highest removable activity 1dent1ﬁed in modules “A” survey unit
707024, “B” survey unit 707035, and “J” survey. umt 707095 '

Seventy-four verification surface activity measurements from 27 survey units exceeded the

300 dpm/100 cm’ maximum guideline. Of these 27 survey units, 11 were Class 2. K-H was
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notified of these results and elected to remediate most areas identified. AreasA not remediated
were marked and appropriately sealed for subsequent disposal of radioldgical waste during
demolition. Table 2 reports the post-remedial action (PRA) alpha measurements collected by
ESSAP. The PRA total alpha activity ranged from 14 to 420 dpm/100 cm’. Surface activity
levels in individual units are reported in Tables 3 to 48. | '

ESSAP was unable to re-evaluate several remediated locations prior to departure from the site.
For a large area of contamination in module “K” identified by ESSAP, K-H remediated the areca
and provided PRA results to ESSAP for review. The results indicated that the alpha activity
levels for the majority of building surfaces were below the maximum allowable guideline.
However, there were areas that remained along the floor wall interface in module “K” where the
activity exceeded the guideline (Table 2). There were locations in modules “B” and “J’ ’ that
exceeded the guidelines that K-H had attempted to remediate. However, remedlauon efforts at
these locations were unsuccessful. For these instances, K-H covered these areas with metal
plating prior to demolition of the building and floor slab. During demolition, material from this
area was disposed of as radiological waste. K-H also designated the floor in survey module “C”

for disposal as radiological waste.

COMPARISON OF RESULTS WITH GUIDELINES

Survey results were compared to the following DOE Order 5400.5 surface activity guidelines
(DOE 1993 and 1995). The guidelines were used as the site DCGL, which has allowances for 1
m2 average activity and single hot spot criteria of three times the average guidelines in a 100 cm®

area. The applicable surface guidelines for transuranics are:

Total Surface Activity

100 a dpm/100 cm
300 o dpm/100 cm?

Removable Surface Activity |
20 a dpm/100 cm?
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As part of the verification, three survey units in module “C” were selected by ESSAP to conduct
instrument comparison for alpha surface activity with K-H. These comparison measurements
were used to verify calibration and instrument operations.” These locations were selected during
the characterization investigation. The results of the comparison effort are reported in Table 49. -
ESSAP total alpha activity measurements fanged from 100 to 57,000 dpm/100 cm®. A review of

“the BSSAP to K-H data shows that ESSAP’s reported activity levels were generally twice those
reported by K-H. This difference is attributed to the difference in calibration procedures (i.e., 2
vs. 4 &t detector geometry). BSSAP calculatgs instrument efficiencies in accordance with ISO-
7503 to account for expected attenuation of alpha radiation in the field by applying a correction

- factor. ESSAP also noted, that in most cases the K-H floor monitor data were 20 to 40 percent

' less than the K-H reported results.

" INTERIM FINDINGS AND RECOMMENDATIONS

ESSAP identified alpha activity exceeding the 300 dpm/100 cm? average guideline in 59 percent
of the survey units selected for verification. Much of the con?amixiation identified was found in
areas not previously identified by K-H as exceptions. ESSAP notified K-H of the ﬁndings and
they immediately addressed most through remediation or by désignating a locatioﬁ as an
exception to be addressed during demolition. ESSAP re-evaluated most of the areas and found

remediation to be successful. However, a number of locations remained thét exceeded the DOE

maximum total activity guidelines.

During the interim period, many areas identified during independent vedﬁcaﬁon as having
residual contamination would be appropriately addressed by K-H through either decontamination
to less than the applicable surface contamination limits or by appropriately disposing material as
radloactlve waste. However, two issues were identified by ESSAP that called into questlon the
final radlologlcal status of Building 707.

ESSAP identified undocumented contamination in most of the verified survey units. ESSAP

initially concluded that undocumented contamination in excess of the guidelines would likely

exist in unverified building areas. Secondly, because contamination was identified in excess of -
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the maximum guideline in Class 2 areas, ESSAP questioned whether Class 2 survey units were

appropriately classified.

In an effort to determine factors contributing to these findings, ESSAP conducted an instrument
comparison study using instrument statistics and calibraﬁbn data, and previous survey data by
K-H. The data presented in Table 49 indicates a partial root cause for the discrepancies identified
during verification surveys. Differences were observed between ESSAP and K-H comparison -
measurements that could not be attributed to the difference in measurement methods but likely

due to survey technique.

Therefore, ESSAP recommended that K-H re-evaluafc the bases used for survey unit
classification and that they consider reclassification and r&su,rvey affected survey units, as
necessary. Quality assurance surveys _tﬁat consisted of surface scans using a graded approach,
were recommended for building areas that ESSAP was not able to perform independent

* verification. These quality assurance surveys performed by K-H were a necessary requirement
to provide assurance that remaining areas of residual activity exceeding the maximum allowable

guideline would be identified and addressed.

FOLLOW-UP ACTIONS AND CONCLUSIONS

Based on the mtenm findings and recommendations by ORISE, K-H elected to perform
additional quality assurance scans in Building 707. A written survey protocol was develoﬁed
and reviewed by DOE/RFPO, CDPHE, and ORISE representatives that required additional
surveys in five survey units. The five mﬁey units consisted of three Class 1 survey units (which
were not verified by ORISE), and two Class 2 survey units (that were verified by ORISE). The
units were selected based on a higher potential for contamination due to Building 707 process
history. A copy of the survey protocol and associated findings is provi/ded in Appendix D. In
summary, a predetermined percentage of each survey unit was scanned to identify areas of
elevated activity that may have been missed during the initial scans. The scan frequency was
increased until no additional areas of elevated activity were identified.
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No additional areas of elevated activity were identified during follow-up scans in three of the
five selected survey units (including the two Class 2 survey units selected). One spot of elevated
activity was identified in each of the remaining two survey units. Therefore, the scan frequency
was increased. No other areas of elevated activity were identified during the additional scans.
K-H’s quality assurance scans provided additional assurance that areas identiﬁcd during
ESSAP’s evaluation had met the release criteria prior to demolition for most building surfaces.

It was ESSAP’s understanding that areas which were identified as exceptfons (unable to
remediate for unrestricted release) would be disposed of as radiological waste. These areas were
appropriately marked and protected with physicél coverings until the surfaces could be
dispositioned. ' ‘

It is ESSAP’s position that the Building 707 Closure Project meets the speciﬁed unrestricted -
release limits, with the exception of those areas marked for disposal as radioactive waste.

/
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FIGURE 1: Location of the Rocky Flats Closure Site
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FIGURE 2: Location of the 707 Building
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Plot Plan of the First Floor Building 707 Survey Units
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FIGURE4: Plot Plan of the Second Floor Building 707 Survey Units
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FIGURE 17:  Building 707, Second Floor, Survey Unit 707010 -
Measurement and Sampling Locations
Rocky Flats Former Building 707 ' 28 projects/408/Reports/2005-11-22 Final Report




408016 (4)

A
: ) 29B
3B  97A A .
® ‘ %A P
30B
|
A
96A
. N 28B .
95AA ® 318
32B
f ;
D12
N
MEASUREMENT/SAMPLING Sl
LOCATIONS
® # SINGLE-POINT
FLOORS
A # SINGLE-POINT
WALLS AND CEILING oo . FEET 15
((UNIT707011) §==q_—_=-_1
. METERS

FIGURE 18:  Building 707, Second Floor, Survey Units 707011 and 707101 -
Measurement and Samplmg Locations -

Rocky Flats Former Building 707 29

projects/408/Reports/2005-11-22 Final Report




408-020 (03}

Gl3 F13 El13

A< T 268 0
° 27B L

5C 6C
028 A =B
N
MEASUREMENT/SAMPLING ' R
LOCATIONS - '
@ '/ SINGLE-POINT
A ¥ SINGLE-POINT ~ 0 FEET 30
WALLS AND CEILING ———
(UNIT 707011 ) , K 10

FIGURE 19:  Building 707, Second Floor, Survey Units 707011 and 707106 -
Measurement and Sampling Locations
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TABLE 1

INITIAL TOTAL AND REMOVABLE ALPHA ACTIVITY MEASUREMENT RANGES

BUILDING 707
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO"
i Number of Direct
Survey Survey Survey Unit Nut_x.nber of Measurements in thz.d Alpha Rf:u.xovable
Unit | Module | Classification | ., Direct excess of 300 Activity Range | Activity Range
: Measurements dpm/100 om? (dpm/100 cm®)- (dpm/100 cm”)
707010 “N/A® 2 15 1. -14 t0 2,200 Otol
707011 N/A 2 17 0 14 to 72 Oto3
707013 Offices 3 22 ) -14 to 140 Otol
~ Process
707014 Rooms & 2 30 6 -36 to 1,600 0to 76
. Loading Dock .
707015 | Rm 167 floor 1 4 0 7210110 0
707016 N/A 1 -7 5. 51 to 1,900 0to 29
707021 A 2 35 2 -7 to 860 Oto 11
707022 A 1 5 2 58 to 1,900 Oto3
707024 A 1 6 3 65 to 4,600 0to270
707027 A 1 6 4 65 10 12,000 0to 74
707028 A 1 7 2 36 to 380 Oto3
707030 B 2 23 3 2210 2,500 0to 28
707032 B 1 7 0 14 to 140 Oto3
707035 B 1 8 6 79 to 9,500 0t0 470
707036 B 1 7 1 58 to 2,700 “Qtol
707039 C 2 10 0 88 to 230 O0to3
707048 D 2 9. 1 14 to 1,500 0to7
707053 D 1 10 0 3610 120 0 tol
707054 D 1 10 0 29to 110 0tol
707057 E 2 19 5 0 to 3,800 Oto3-
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TABLE 1 (Continued)
INITIAL TOTAL AND REMOVABLE ALPHA ACTIVITY DIEASUREMENT RANGES

L0L Buipjmg saunog stejg A0y

BUILDING 707
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO"
Survey Snrvey Survey Unit Number of Number of Dire.ct Totall ;Al‘pha Surface Remqvable
Unit Module Classification Direct _ Measurements mz Activity Range Activity Range
) : Measurements | > 300 dpm/100 cm (dpmv/100 cm (dpmy/100 cm”)
707058 - B 1 ] 6 0 7t0100 Otol
707060 E 1 10 0 3610170 0to3
707062 B 1 11 1 0 to 1,600 0to3
707064 E 1 10 0 7t0100 Otol
707066 F 2. 25 1 -29 to 400 . 0to3
707068 F 1 7 0 29 to 87 Oto7
707070 F 1 6 2 22 t0 4,700 Oto 13
707072 F 1 7 0 7 to 190 Oto5
707075 G 2 24 1 -22 to 790 Oto9
707077 G 1 8 0 58 to 180 Otol
707082 G 1 7 0 72 to 150 0
707083 G 1 6 0 0o 180 Otol
707084 H 2 9 0. -221t0 36 Otol
707090 ‘H 1 6 1 0 to 450 0to3
707093 K 2 18 7 . 36103,900 0to5
707095 J 1 11 8 65 to 31,000 0to 250
707098 K 1 12 3 79 to 800 0to7
707101 N/A 1 4 0 7 t0 220 Otol
707106 N/A 1 5 1 36t0 710 Oto3
707109 N/A 1 5. 2 29 10 3,200 Otol
707113 E -1 8 1 29 to 350 0to3

woday yeiq 17-01-5002/5u0dax/80b/5103(0xd
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TABLE 1 (Continued)

- INITIAL TOTAL AND REMOVABLE ALPHA ACTIVITY MEASUREMENT RANGES
BUILDING 707
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
: GOLDEN, COLORADO"*

Total Alpha Surface

Removable

Survey Survey Survey Unit N';)n;:’;'; of | Nhuimber of Dir;ct Activity Ran Activity Ran,
N . easuremen! (-] Agt (d

Unit | Module | Classification | \y ., o\ ements | >300 dpm/100 em® | (dpmy100 em ) (dpm/100 cmg)
707114 | Walls only 1 3 0 7 10 200 0
707115 NA 1 10 0 1072 0103
707116 N/A 1 8 I 14 1o 2,700 01072
707117 7 2 5 1 71 10 390 Oto 1
707118 ] 2 7 3 53 10 2,300 01022

*Table from ORISE Interim Letter Report dated November 24, 2004.

"N/A = Second floor survey area. No specific mynndule designation mdumed.




TABLE 2

POST-REMEDIAL ACTION SURFACE ACTIVITY LEVELS

BUILDING 707

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO*

Post-Remedial

Number of N Action
Survey | Survey | Survey Unit | Measurements. _ Im.u?l Alpha - Measurements
Unit Module | Classification Grea;;;(')than Activity Range Alpha Activity
. (dpn/100 cm”)
- dpm/100 cm® Range - 2
' (dpm/100 ¢cm®)
707010 N/A 2 1 -14 to 2,200 65
Process . ' .
707014 li‘:)‘;‘c’l’; :‘ 2 6 -36 to 1,600 bt
Dock o
707016 N/A 1 5 51 to 1,900 2505
707021 | A 2 2 -7t0 860 b
707022 A 1 2 . 58 to 1,900 94 t0 110
707024 A 1 3 " 65 to 4,600 120 to 220
707027 A 1 4 65 to 12,000 72 to 210°%°
707028 A 1 2 36 to 380 ob ‘
707030 B 2 3 22 to 2,500 58>4¢
707035 B 1 6 79 to 9,500 79.t0170°
707036 B 1 1 58 to 2,700 120
707048 D 2 1 14 to 1,500 72
707057 E 2 5 0 to-3,800 14°°
707062 E 1 1 0 to 1,600 110
707066 F 2 1 -29 to 400 °
707070 F 1 2 22 to 4,700 43
707075 G 2 1 -22 to 790 79
707090 H -1 1 0 to 450 150"
707093 K 2 7 36 to 3,900 008
707095 J 1 8 65 to 31,000 29 to 420°°°
707098 K 1 3 79 to 800 ¢
707106 N/A 1 1 36to 710 51
707109 N/A 1 2 29 to 3,200 " 65°
707113 E 1 1 29 to 350 b
707116 N/A 1 1 14 to 2,700 110

Rocky Flats Former Building 707
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TABLE 2 (Continued)

- POST-REMEDIAL ACTION SURFACE ACTIVITY LEVELS

BUILDING 707
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO'
Number of : Pos;l::i::dlal
: Measurements | Initial Alpha
Survey | Survey | Survey Unit . el Measurements
. . . Greater than | Activity Range .
Unit Module | Classification : _ - Alpha Activity
: - _ 300 (dpm/100 cm°)
dpmy/100 cm? Range
(dpmlloo cm )
707117 | ] 2 1 . 71 t0-390
707118 J 2 3 . 53 10 2,300 58 to 120

*Table was included in the Interim Letter Report dated November 24, 2004 (ORISE 2004).

*Equipment removed.

° One or more locations remained above guidelines at time of completion of IV activities.

" 4Post-remedial action measurement is location with highest activity level of all 5 representative locations

¢ Some remediation was attempted but some location(s) have activity that will be controlled during the building dcmolmon or
subsequent removal of the floor slab.

{ All locations were not rechecked aftér remediation.
TPost-remedial action measurement is the average of 5 point nmsurements collected at this locatwn

Rocky Flats Former Building 707

39

projectsMOS/Reports/ZOOS-l 1-22 Final Report




TABLE 3

SURFACE ACTIVITY LEVELS
BUILDING 707
2ND FLOOR
- SURVEY UNIT 707010
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
" GOLDEN, COLORADO
Measurement Total Alpha Surface Acthty” Total Removable Actlvxty
Location" (dpm/100 cm?) (dpm/100 cm?)
34B 36 0
35B 14 0
36B 36 1
37B 65 0
38B 29 0
39B 2,200 0
39B° 65 N/A®
40B 14 0
41B 29 .0
42B -14 0
43B 51 0
7C 58 1
8C 22 0
9C 29 0
10C 72 0
11C 51 0
*Refer to Figure 17.

PESSAP alpha activity obtained using a 126 cm? gas proportional detector. The alpha cfﬁclency is determined in accordance
with the ESSAP procedure based on ISO-7503,
‘PRA — Post Remedial action measurement.

N/A — Not Applicable.
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TABLE 4

SURFACE ACTIVITY LEVELS
BUILDING 707 ,
2ND FLOOR ~
SURVEY UNIT 707011
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement Total Alpha Surface Activity” Total Removable Activity
Location® (dpm/100 cm’) (dpm/100 cm’)

94A : 72 ' 0
95A - 22 3
96A. - : 36 -1
97A ' 51 3
-3C ' 58 0

4C : 65 0

5C 65 1

6C 72 1
98A 36 1
99A 14 0
100A 29 0
1C . 22 0

2C 43 0
29B : : 22 0
31B 22 0
27B 36 -0
17B 36 0

*Refer to Figures 18-20.
PESSAP alpha activity obtained using a 126 cm® gas propomonal detector. The alpha cﬂicxcncy is determined in accordance

with the ESSAP procedure based on 1SO-7503.
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TABLE 5

SURFACE ACTIVITY LEVELS

BUILDING 707
OFFICES

SURVEY UNIT 707013

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Measurement Total Alpha Surface Actmty Total Removable Actmty
Location" (dpm/100 cm?) (dpn/100.cm )
6D -14 1
7D -7 0
8D -7 1
10D 7 0
11D 58 0
12D 43 1
13D 58 0
14D 140 0
15D 72 0
16D 43 0
17D 58 0
18D 36 1
19D 65 . 1
21D 58 0
94B - 120 0
95B 62 0
96B 120 0
97B 97 0
98B 120 0
99B 97 0
, 100B 140 1
*Refer to Figure 5.

-’ESSAP alpha activity obtained using a 126 cm? gas proportional detector The alpha efficiency is determined in accordance
- with the ESSAP pmcedure based on 150-7503. )
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TABLE 6

SURFACE ACTIVITY LEVELS

BUILDING 707
PROCESS ROOM & LOADING DOCKS
SURVEY UNIT 707014 4
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
: Total Removable Act1v1
Measurement Total Algh:jlu or;‘ace Activity’ (dpm/100 cm®) v
Location" . (@p cm’)
9D 1,600 1 76
- 910 . N/A®
— - 910 : - g N/A
20D 170 ' 0
22D 560° 1
23D B , 450 0
24D . 79 0
25D 43 0
26D 100 0
27D : 140 0
28D A 58 1
29D ' 120 3
30D 29 0
31D A 36 0
32D ' © 43 0
1E 120 0
2E : 88 0
3E 97 1
4E 350 0
S5E s ' 250 3
6E 120 0
1B 14 0
2B T 0
3B - =36 0
4B 14 0
5B -7 0
11B 79 0
12B 22 0
13B 7 0
15B ‘ 14 0
*Refer to Figures $ and 6.

*ESSAP alpha activity obtained using a 126 cm?® gas proportional detector. The alpha efﬁclency is determined in accordance -
with the ESSAP procedure based on ISO-7503.

‘Additional confirmation measurments near 9D, see Figure 5.

“No decon atiempted during initial IV visit. Area subsequently remediated and verified by contractor.

°N/A —Not Applicable
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TABLE 7

SURFACE ACTIVITY LEVELS'

BUILDING 707
ROOM 167
SURVEY UNIT 707015

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Measurement Total Surface Actmty} Total Removable Actlvxty
Location" (dpny/100 cm?) (dpm/100 cm?)
6B ] -T2 0
7B 72 0
8B 110 0
9B , . 100 0

*Refer to Fi igure 6.

PESSAP alpha activity obtained using a 126 cm? gas proportional detector. The alpha efficiency is dctemnned in accordance

with the ESSAP procedure based on ISO-7503.
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TABLE 8

SURFACE ACTIVITY LEVELS
BUILDING 707
2ND FLOOR-FLOOR
~ - SURVEY UNIT 707016
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement - Total Surface Activity’ Total Removable Activity
Location* __(dpm/100 ¢m®) (dpm/100cm®
44B 1,900 29
45B 1,500 0
46B ' 1,100 : 0
46B° 250 o N/A®
47B : 510 - : 0
48B 570 0
51B ' 72 o o 1
52B 51 ‘ : 0

*Refer to Figure 21. : ) : . )
- "ESSAP alpha activity obtained using a 126 cm” gas proportional detector. The alpha efficiency is determined in accordance

with the ESSAP procedure based on ISO-7503.

“PRA - Post Remedial Action Measurement.

9N/A -- Not Applicable.
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TABLE 9

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE A
_ SURVEY UNIT 707021 .
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement Total Surface Activity’ Total Removable Activity
Location® (dpm/100 cm?) (dpny/100 cm?)
84B 88 0 .
85B - 62 0
86B 71 0
87B 300° 11
- 88B 120 0
1D 36 0
2D 36 0
3D 58 1
4D 7 1
5D 22 3
~ 54B 120 3
55B 0 .0
56B 71 0
57B 350° 0
58B 71 0
59B 44 0
60B 53 0
61B 35 0
62B - 88 -0
63B 0 1
64B 71 0
- 65B 860° 0
66B 26 0
67B 97 0
68B 170 0
62C 36 0
63C - 65 0
65C 58 0
66C -7 .0
73C 36 1
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TABLE 9 (Continued)

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE A-
SURVEY UNIT 707021 S
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Total Surface Actmtyb Total Removable Actmty
Location" : (dpm/100 cm ) (dpm/100 cm )
- 74C - - 87 0
75C 29 0
76C ' : 58 3
84C 72 0
85C 22 0
"Refer to Figure 7. '

ESSAP alpha activity obtained using a 126 cm? gas proportional detector. The alpha cﬂicxcncy is determined in accordance
with the ESSAP procedure based on ISO-7503.

°Equipment or Material Removed.

9No decon attempted during initial IV visit. Area subsequcntly remediated and verified by contractor.
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TABLE 10

SURFACE ACTIVITY LEVELS

BUILDING 707
MODULE A
SURVEY UNIT 707022
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement Total Surface Actmty" Total Removable Actmty
Location® (dpm/100 cm?) - ' (dpm/100 cm?)

96C ‘ ' ‘ 1,900 : ‘ 0
96C* ' 94 N/A°®
97C 1,800 ' 3
97C° , 110 = N/A
98C 110 0
99C 94 0
100C 58 0

*Refer to Fxgure 7.

ESSAP alpha activity obtained using a 126 cm? gas proportional detector. The alpha efﬁclency is determined in accordance
with the ESSAP procedure baséd on ISO-7503.

‘PRA — Post Remedial action measurcmnts

®N/A — Not Applicable.

Rocky Flats Former Building 707 48 projects/408/Reports/2005-11-22 Final Report




TABLE 11

SURFACE ACTIVITY LEVELS

BUILDING 707
. MODULE A
SURVEY UNIT 707024

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Measurement Total Surface Actmty" Total Removable Actmty 4
Location" (dpm/100 cm?) (dpm/100 cm?)
57C 1,100 130
57C° 220 N/A®
58C 4,600 270
58C° 120 N/A
59C 87 .3
60C 65 0
61C 170 0
64C 2,600 1
64C° 120 N/A
“Refer to Figure 7.

YESSAP alpha activity obtamed using a 126 cm? gas proportnonal detector. The alpha efficiency is determined in acoordance
with the ESSAP procedure based on ISO-7503.
‘PRA — Post Remedial action measurements.

“N/A - Not Applicable.
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TABLE 12

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE A
SURVEY UNIT 707027
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

‘Total Removable Activity

Measurement Total Surface Activity”
Location® (dpny/100 cm?) (dpny/100 cm®)
"~ 67C 850 0
67C° 160. N/A?
"~ 68C 2,300 0
68C° 72 N/A
69C - 680 3
- 69C° 210 N/A
70C 12,000° 74
71C 94 0 .
72C 65 1

*Refer to Figure 7.

PESSAP alpha activity obtained using a 126 cne® gas pmpomonal detector. The alpha efficiency is determined in accordance

with the ESSAP procedure based on 1SO-7503.
°PRA — Post Remedial action measurements.

N/A — Not Applicable.

“Location to be covered with steel plate and removed during the building demolition.
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TABLE 13

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE A
SURVEY UNIT 707028
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
- GOLDEN, COLORADO
Measurement Total Surface Activity” _Total Removable Activnty
Location® | (dpm/100 cm?) __(dpmy/100 cm®)

77C ' 380° 3
78C ' » 94 1 -
79C - 87 - 1
80C 36 1-
81C 43 1
82C o 320° 0
83C ' 79 -0

*Refer to Figure 7.

PESSAP alpha activity obtained using a 126 cm? gas proportional detector. The alpha efficiency is determmed in accordanoe
with the ESSAP procedure based on ISO-7503.

“No decon attempted during initial IV visit. Area subsequently remediated and verified by contractor.
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TABLE 14

SURFACE ACTIVITY LEVELS

BUILDING 707
MODULE B
SURVEY UNIT 707030

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Measurement Total Surface Actmty Total Removable Activity

Location® (dpny/100 cm®) (dpm/100 cm?)
69B 170 0
70B 88 0
71B 79 0
72B 140 0
73B 110 0
74B 790 0 -

~ 74B° 58 N/A°
75B 170 0.
76B 180 0

- 77B 97 1
78B 480 0 -
79B . 130 0 -
80B 53 0
81B 62 3
82B 71 28
83B 2,500° 0
34C 43 0
35C 220 1
36C 72 0
45C 72 0
.46C 36 0
54C 79 1

- 55C 170 0

. 56C 22 0

*Refer to Figure 8.

YESSAP alpha activity obtained usmg 2126 cm? gas proportional detector. The alpha efficiency is determined in accordance
with the ESSAP procedure based on 1SO-7503. . . .
‘PRA - Post remedial action measurement.

-SN/A — Not applicable. -

“Location to be covered with steel plate and removed after building demolition.
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TABLE 15

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE B
SURVEY UNIT 707032
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Total Surface Actmty" Total Removable Activity
Location" (dpm/100 cm?) (dpn/100 cm?)
27C ' . 140 0
28C 130 3
29C . o 43 0
30C _ 79 0
31C ' 58 0
32C 110 0
33C ' 14 0
*Refer to Figure 8. '

YESSAP alpha activity obtained using a 126 cm? gas proportional detector. The alpha efficiency is detemuned in accordance
with the ESSAP procedure based on ISO-7503.
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TABLE 16

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE B
SURVEY UNIT 707035
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement Total Surface Activity” Total Removable Actlvity
Location® (dpm/100 em®) . (dpm/100 cm’)

37C 290 : 0

38C 260. 1

39C . 9,500° - 1

- 40C 3,000° - 1
41C - 1,400 470
41C° ' 79 N/A®

42C 650 : 1
42C° 170 N/A
43C 990 ' 0
43C° _ ' . 120 , . N/A
44C 1 760 - - 0
44C° . 170 N/A

*Refer to Figure 8. '
ESSAP alpha activity obtained using a 126 cm® gas proportional detector. The alpha efficiency is determined in accordance
with the ESSAP procedure based on ISO-7503.
‘PRA —Post Remedial action measurement.
4N/A — Not applicable. ‘
' °Locauon tobe covered with steel plate and removed after bmldmg demolition.

/
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TABLE 17

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULEB
| SURVEY UNIT 707036
o - ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
S | | | - GOLDEN, COLORADO

Measurement * Total Surfac,e Activity’ ‘Total Removable Activity
Location® ‘ (dpny/100 cm?) : (dpm/100 cm?)
47C » 2,700 0
47C° 120 N/A®
_ 48C 120 1 .
49C 58 0
50C ‘ 79 0
51C 160 0
52C 120 0
53C 87 1

*Refer to Figure 8.
YESSAP alpha activity obtained using a 126 cm® gas proportlonal detector. The alpha eﬁic:cncy is determined in accordance

with the ESSAP procedure based on 1SO-7503.
°PRA - Post Remedial action measurement.
SN/A — Not applicable.
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TABLE 18

MODULE C

SURVEY UNIT 707039

SURFACE ACTIVITY LEVELS
BUILDING 707

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Total Removable Activity

Measurement Total Surface Actmty"
Location® ' (dpm/100 ¢m?) (dpm/100 cm?)
19E 180 1
20E 130 1
21E 230 0
22E 180 3
23E 160 0
24E 110 0
25E ‘88 0
26E 97 0
27E 130 0
28E 180 0
*Refer to Figure 9.

PESSAP alpha activity obtained using a 126 cm’ gas proportional detector. The alpha efficiency is determined in accordance
with.the ESSAP procedure based on ISO-7503.
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TABLE 19

SURFACE ACTIVITY LEVELS

BUILDING 707
MODULE D
SURVEY UNIT 707048

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Total Removable Activity

- Measurement Total Surface Activity’

Location” (dpm/100 cm?) (dpm/100 cm?)
78A 22 0
19A 1,500 0
19A° 72 N/A?
20A 290 0
21A 220 0
22A 14 0
23A 150 1.
24A 79 1
25A 170 7

26A - 150 1

"Refer to Flgurc 10.

PESSAP alpha activity obtained using a 126 cm® gas proportional detector. The alpha etﬁclency is determined in accordance
with the ESSAP procedure based on 180-7503
_“PRA - Post Remedial action measurement.

“N/A — Not applicable.
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TABLE 20

SURFACE ACTIVITY LEVELS
BUILDING 707 '
MODULE D
SURVEY UNIT 707053
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement Total Surface Activity” Total Removable Activity
Location® (dpm/100 cm?) (dpm/100 cm?)
58A 72 : 1
59A 1 . 58 0
60A 36 0
61A 72 0
62A : 51 0.
63A - 36 0
64A : 36 0
65A 43 1
66A 65 0
67A 120 1

*Refer to Figure 10. ' '
ESSAP alpha activity obtained using a 126 cm’ gas pmpomonal detector The alpha efﬁmcncy is determined in accordance

with the ESSAP procedure based on ISO-7503.
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TABLE 21

SURFACE ACTIVITY LEVELS
BUILDING 707 '
MODULE D
"~ SURVEY UNIT 707054
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Total Surface Activity” Total Removable Activity
Location® (dpm/100 cm?) (dpm/100 cm?)
68A 51 0
69A 43 0
70A | 51 0
71A 36 0
72A : 110 0
73A 65 0
74A 29 1
75A : 87 0
T6A ' 94 0
77A 100 1

- *Refer to Figure 10.
YESSAP alpha activity obtained using a 126 cn® gas proportional detector. The alpha efficiency is determined in accordance

with the ESSAP procedure based on ISO-7503.
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TABLE 22 -

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE E
SURVEY UNIT 707057
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
' GOLDEN, COLORADO
Measurement Total Surface Activity” Total Removable Activity
Location® (dpmv/100 cm?) (dpm/100 cm?)
11A 79 0 .

12A 43 0

13A 350° 0.
14A 590° 3
15A 51 0
16A 58 0
17A 100 1
18A 22 0

79A 29 0
80A 65 0
92C 0 0
93C 7 1
94C 29 0
95C 79 - 0
89B 200 0
-90B 53 0
91B 1,500 3

91B° 14 N/A®
92B 3,800' 3
93B 520° 0

“Refer to Figure 11.

YESSAP alpha activity obtained usiﬁg a 126 cm? gas proportional detector. The alpha efficiency is determined in accordance
with the ESSAP procedure based on ISO-7503. -~
“PRA - Post Remedial action measurement.

N/A - Not applicable.

“No decon attempted during initial IV visit. Area subsequently remediated and verified by contractor.
fActivity remains. Contamination can not be cleaned. The activity location is on a piece of structural steel.
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TABLE 23

SURFACE ACTIVITY LEVELS
BUILDING 707 '
' MODULE E »
SURVEY UNIT 707058
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
' GOLDEN, COLORADO
Measurement Total Surface Actmty" Total Removable Activity
Location® (dpm/100 cm’) (dpny/100 cm?)

86C 22 1
87C 100 1
88C 87 0
89C 7 0
90C 65 0
91C 43 0

*Refer to Figure 11.

*ESSAP alpha activity obtamed using a 126 cm” gas proportional detector. The alpha efficiency is deterxmned in accordance
with the ESSAP procedure based on ISO-7503.
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TABLE 24

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE E
~ SURVEY UNIT 707060
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Total Surface Achvnty" Total Removable Activity
Location® (dpm/lOO cm?) ' (dpm/lOO cm?)
37A 65 0
38A 79 0
- 39A 36 3
40A 72 1
41A 36 0
42A 79 1
43A 51 0
44A 65 0
__45A 9 3
- 46A - , 170 0
*Refer to Figure 11. 4

ESSAP alpha activity obtained using a 126 cm? gas proportional dctector The alpha ctﬁc:ency is determined in accordance
with the BSSAP procedure based on 1SO-7503. )
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TABLE 25

SURFACE ACTIVITY LEVELS

BUILDING 707
MODULEE
SURVEY UNIT 707062

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Total Removable Activity

Measurement Total Surface Actmtyb
Location* (dpm/100 cm®) (dpm/100 cm?)
STA 0 ' 1
27A 36 1
. 28A 72 1
- 29A 94 0
30A 36 ~ 3
31A 58 0
32A 72 0 .
33A 100 3
34A 65 1
35A 87 0
36A 1,600 0
36A° 110 N/A®
*Refer to Fxgure 11.

PESSAP alpha activity obtained using a 126 cm’ gas proportional dctector The alpha efficiency is determined in accordance
with the ESSAP procedure based on ISO-7503.
‘PRA - Post Remedial action measurement. .

4N/A — Not applicable.
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TABLE 26

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE E
SURVEY UNIT 707064 .
" ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement Total Surface Activity” Total Removable Activity
. Location® (dpm/100 cm?) (dpm/100 cm?)
47A 72 0
48A 94 0
49A 87 1
50A 65 0
51A 100 0
52A 14 ' 0
53A 65 1
54A 7. 1
55A - 94 0.
56A 36 1

*Refer to Figure 11.

YESSAP alpha activity obtained using a 126 cm?” gas proportional detector. The alpha cfficiency is determined in accordance
with the ESSAP procedure based on ISO-7503.
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TABLE 27

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE F
SURVEY UNIT 707066 '
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO ' -
Measurement Total Surface Activity” Total Removable Activity
Location" (dpmv/100 cm?) (dpm/100 cm?)

46 400° 0
47 65 0
48 230 3
49 58 0
50 120 1

58 29 0
59 72 0
60 29 0
61 36 0
62 29 0
63 43 1
64 58 0
65 - 29 0
72 0 0
73 22 0
74 -29 0
75 0 0
76 43 0
77 29 0
78 43 1
.79 94 0
80 0 0
88 0 0
89 - 210 1
‘90 22 0

*Refer to Figure 12.

YESSAP alpha activity obtained using a 126 cm? gas proportional detector. The alpha efficiency is determined in accordance

with the ESSAP procedure based on ISO-7503.

*No decon attempted during initial IV visit. Area subsequently remediated and verified by contractor.
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TABLE 28

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULEF .
SURVEY UNIT 707068
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Total Surface Actmty .| Total Removable Actmty
Location (dpm/100 cm cJ ‘ (dpm/100 cm?)
81 . 51 ' .0
82 87 1
83 29 0
84 . 87 : : 0
85 _ : 72 e 7
86 ' 58 0
87 29 0
*Refer to Figure 12.

*ESSAP alpha activity obtained using a 126 cnr” gas proportional detector. The alpha cfficiency is detemuned in accordance
with the ESSAP procedure based on 1ISO-7503.
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TABLE 29 .

SURFACE ACTIVITY LEVELS

BUILDING 707
. MODULEF
SURVEY UNIT 707070

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Total Removable Act1v1ty

Measurement “Total Surface Activnty
Location" (dpm/100 cm?) (dpm/100 cm?)

- 66 4,700 13
66° 43 N/A°
67 65 0
68 4,700 1
68° 43 N/A
69 100° 1
70 22 1

.71 51 0

<. *Refer to Figure 12.

ESSAP alpha activity obtalned using a 126 cm’ gas propomonal detector. Thc alpha efficiency is detcnmned in accordancc
* with the ESSAP procedure based on ISO-7503. .

‘PRA — Post Remedial action measurement.

N/A — Not applicable.
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TABLE 30

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE F
: SURVEY UNIT 707072
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Total Surface Activity” | Total Removable Act:vlty
Location" (dpn/100 cm?) _ (dpm/100 cm?)
51 14 - 0
52 - . 100 5
53 I 29 . 1
54 ) 36 1
. 55 : A 130 - 0
56 . - 7 1
57 190 1
*Refer to Figure 12.

ESSAP alpha activity obtained using a 126 cm’ gas proporuonal detector. The alpha efficiency is dctemnncd in accordance
with the ESSAP pmceduxe based on ISO-7503.
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TABLE 31 -

SURFACE ACTIVITY LEVELS
BUILDING 707 '
MODULE G
. SURVEY UNIT 707075 _
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement - Total Surface Activity’ Total Removable Activnty
Location" (dpm/100 cm?) - (dpm/100 cm?)
16 - 100 - 0
17 ' 7 0
18 - 36 0
19 K ‘ 14 1
20 51 1
27 : 29 0 .
28 51 0
29 ‘ _ 7 0
.30 79 0
31 43 0 .
- 32 - 29 0
33 140 0
34 ' ' 43 0 ;
35 29 0
43 22 0
44 43 0
45 29 1
91 _ 790 9
91° v 79 N/A®
92 ' 43 0
93 58 0
94 65 1
95 43 0
- 5A 22 3
l‘OA 14 1

*Refer to Figure 13. ’
*ESSAP alpha activity obtained using a 126 cm’ gas proportional dctcctor The alpha efficiency is determined in accordancc '

with the ESSAP procedure based on 1ISO-7503.
°PRA — Post Remedial action measurement.
“N/A — Not applicable.
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TABLE 32

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE G
SURVEY UNIT 707077
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
' GOLDEN, COLORADO

Measurement Total Surface Actmty" Total Removable Actmty
Location® (dpm/100 cm?) (dpm/100 cm?)

1A 130 0 .

2A ‘ L 58 |

3A 94 1

4A : 65 1
6A L 58 0

TA 140 1

8A 58 1

9A 180 0.

*Refer to Figure 13.
YESSAP alpha activity obtained using a 126 cm” gas proportional detector. The alpha efficiency is determined in accordance

with the ESSAP procedure based on ISO-7503.
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TABLE 33

BUILDING 707
MODULE G

SURVEY UNIT 707082

SURFACE ACTIVITY LEVELS

. ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Measurement Total Surface Activity" Total Removable Actlvity
Location" (dpm/100 cm?) (dpmlloo em’)
36 87 0
37 94 0
38 100 0
39 87 0
40 150 0
41 72 0
42 130 0
*Refer to Figure 13.

PESSAP alpha activity obtained using a 126 cm” gas propomonal detector. Thc alpha efﬁcwncy is dctmmned in accordancc :
with the ESSAP procedure based on ISO-7503.
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TABLE 34

MODULE G

SURVEY UNIT 707083

SURFACE ACTIVITY LEVELS
BUILDING 707

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
: GOLDEN, COLORADO

Measurement Total Surface Actmty" Total Removable Activnty
Location" . (dpm/100 cm?) (dpm/100 cm ?) .
21 150 .0
22 22 -1
23 0 0
24 180 1
25 87 0
26 120 0.
*Refer to Figure 13.

YESSAP alpha activity obtained using a 126 cm® gas proportional detector. The alpha efficiency is detenmned in accordance
with the ESSAP procedure based on ISO-7503.
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TABLE 35

BUILDING 707
" MODULE H

SURVEY UNIT 707084

SURFACE ACTIVITY LEVELS

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN COLORADO

Measurement Total Surface Actmty" Total Removable Actmty
Location" (dpm/100 cm?) (dpnv/100 cm?)
1 . -36 1
2 36 0
3 22 0
4 7 1
5 14 0
12 -22 0
- 13 0 0
14 14 0
15 7 0

*Refer to Figure 14.

PESSAP alpha activity obtained usmg a 126 cm” gas proportional detector. The alpha cfficiency is determined in accordance
with the ESSAP procedure based on ISO-7503. : .
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TABLE 36

SURFACE ACTIVITY LEVELS
" BUILDING 707 '
MODULEH
SURVEY UNIT 707090
ROCKY FLATS ENVIRONMENTAL TECHN OLOGY SITE
' . GOLDEN, COLORADO ,

Measurement Total Surface Activityb Total Removable Activity
Location" (dpm/100 cm?) (dpm/100 cm?)
6 43 0
7 e 29 - 1
8 450 ‘ 0
g 150° ; —___N/AC
9 : 94 4 0
10 51 ‘ 0
11 ' 0 . 3

*Refer to Figure 14.

SAP alpha activity obtained using a 126 cm’ gas propomonal detector. The alpha eﬂiclency is detcnmned in accordance
with the ESSAP procedure based on ISO-7503. _
‘PRA - Post Remedial action measurement. ‘

N/A — Not applicable.
“Activity calculated by performing 5 point average.
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TABLE 37

SURFACE ACTIVITY LEVELS
BUILDING 707
o MODULE K
SURVEY UNIT 707093
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement - . Total Surface Activity” Total Removable Activity

Location® .| ~ (dpm/100 cm®) (dpm/100 cm?)

- 56D . 36 0
57D : 58 1
58D . 400° 0
59D @ 120 0
29E . _ 1,000° 5
30E | 3,900° 0
31E 1,700° 3

- 32E 1,100° 1

-33E : - 920° 5
34E - 310° 0
3SE 290 0
36E : 210 0
 37E : i 180 0

38E . - 170 0
39E ' 190 0
40E : , - 160 1
41E - 120 0
428 210 3

*Refer to Figure 15.
ESSAP alpha activity obtained using a 126 cm’” gas proportional detector. The alpha efficiency is determined in accordance
with the ESSAP procedure based on ISO-7503. -

“Activity found on east wall of survey unit 707093. Kaiser Hill provided post remedial activity ranges of < 300 dpnv’ 100cm>
“No decon attempted during initial IV visit. Area subsequently remediated and verified by contractor.
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TABLE 38

SURFACE ACTIVITY LEVELS
BUILDING 707
| MODULE J
SURVEY UNIT 707095
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO .

Measurement Total Surface Actlwtyb Total Removable Actwny
- Location" (dpm/100 cm) . (dpm/100 cm?)

33D : . 970 1

33D¢ ~ ' 43 ' N/A®

34D 780 0

34D° 29 - N/A

35D 760 , ' 5

~35D° . 420 N/A

36D 380° 0

37D 100 0

38D ' 120 ' 1

39D 87 ' 0

40D 1,400° 24

41D 31,000 * - 250

42D 65 0

43D 970 : . 0

43D° : 130 - . NA

: 'Rcfer to Figure 16.
PESSAP alpha activity obtained using a 126 cm® gas proportional detector. The alpha efficiency is determined in accordance

with the ESSAP procedure based on ISO-7503.

‘PRA - Post Remedial action measurement.

N/A - Not applicable.

‘No decon attempted during initial IV visit. Area subsequently remediated and verified by contractor.
fLocation to be covered with steel plate and removed after building demolition.
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TABLE 39

"MODULE K

SURVEY UNIT 707098

SURFACE ACTIVITY LEVELS
BUILDING 707

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Measurement ‘Total Surface Activity” Total Removable Actmty
Location® (dpm/100 cm?) (dpm/100 cm)

44D 530%¢ 0
45D 800°¢ 3
46D 690*° 7
47D 120 3

48D 240 0
49D 140 0
50D 120 0
51D 210 0
52D 140 1
53D 130 0
54D 79 1
55D 130 5

*Refer to Figure 15.

ESSAP alpha activity obtained using a 126 cm” gas proportional detector. Thc alpha efficiency is dctcrmmed in accordance
with the ESSAP prooedurc based on ISO-7503.
°The Independent Verification Team painted surfaces to be remediated by Kaiser Hill.

“No decon attempted during initial IV visit. Area subsoquently remediated and verified by contractor.
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TABLE 40

SURFACE ACTIVITY LEVELS
' - BUILDING 707
2ND FLOOR
SURVEY UNIT 707101
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Total Surface Actmty Total Removable Actmty
~ Location® (dpnv/100 cm?) (dpny/100 cm’)
28B° _ 43 : 0
30B : 7 0
32B 29 0
33B ' 220 1
*Refer to Figure 18. : o
YESSAP alpha activity obtained usmg a 126 cm® gas propomonal detector. The alpha eﬁicnency is determined in accordance -

with the ESSAP procedure based on ISO-7503,
“Equipment location.
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TABLE 41

. SURFACE ACTIVITY LEVELS
BUILDING 707
2" FLOOR
SURVEY UNIT 707106 :
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
- Measurement Total Surface Activity” Total Removable Activity
Location® |- (dpm/100 cm?) (dpm/100 cm?)
22B° 58 0
23B . 36 A 3
24B i 87 3
25B 94 I 3
- 26B : 710 0
26B° - - 51 ' N/A®

*Refer to Figure 19, : ) : ‘
YESSAP alpha activity obtained using a 126 cm” gas proportional detector. The alpha cfficiency is determined in accordance )
with the ESSAP procedure based on ISO-7503. .

. “Equipment location
PRA — Post Remedial action measurement.
‘N/A - Not applicable.
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- TABLE 42

SURFACE ACTIVITY LEVELS
BUILDING 707
2ND FLOOR
. SURVEY UNIT 707109
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
‘GOLDEN, COLORADO

Measurement “Total Surface Actmty" Total Removable Achvnty .
Location" (dpm/100 cm?) , (dpn/100 cm )

16B ' - 87 ' 1

18B 43 .0

19B : 29 0

20B K 3,200 ‘ - 0

20B° .65 _ N/A® -

21B _ 411° 1

*Refer to Figure 20.

YESSAP alpha activity obtained using a 126 cm? gas pmpomonal detector. The alpha cﬂicnency is determmed in accordance
with the ESSAP procedure based on ISO-7503.

‘PRA - Post Remedial action measurement.

4N/A - Not applicable.

“No decon attempted during initial IV visit. Area subsequcntly remediated and verified by contractor.
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TABLE 43

SURFACE ACTIVITY LEVELS
' BUILDING 707
MODULE E :
' SURVEY UNIT 707113
' ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
' GOLDEN, COLORADO
Measurement ~ Total Surface Activity’ Total Removable Activity
Location* _(dpm/100cm®) ___ (dpm/100 cm?)
81A ‘ 51 1 '
82A - 65 - 0
83A : 72 0
84A . 79 1
. 85A S 94 0
86A . 43 1
87A 29 0
88A 350° 3.

*Refer to Figure 11. ' .
PESSAP alpha activity obtained using a 126 cm® gas proportional detector. The alpha efficiency is determined in accordance

with the ESSAP procedure based on ISO-7503.
“No decon attempted during initial IV visit. Area subsequently remediated and verified by contractor.
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TABLE 44

SURFACE ACTIVITY LEVELS
BUILDING 707
PROCESS ROOMS & LOADING DOCK
SURVEY UNIT 707114
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement .- Total Surface Actmty Total Removable Actmty
Location" ' (dpm/100 cm?) (dpm/100 cm )
91A B : - 200 0
10B 29 ' 0
14B 7 - 0
*Refer to Figure 6.

YESSAP alpha activity obtained using a 126 cm” gas propomonal detector. The alpha efficiency is determined in accordance
with the BSSAP procedure based on ISO-7503.
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TABLE 45

2ND FLOOR

SURVEY UNIT 707115

SURFACE ACTIVITY LEVELS
BUILDING 707

ROCKY FLATS ENVIRONMENTAL TECHN OLOGY SITE
GOLDEN, COLORADO

Measurement Total Surface Activity Total Removable Actxvity
Location" (dpm/loo cm?) (dpm/100 cm )
12C 43 0
13C 72 1
14C 43 3
15C -7 0
16C 22 0
17C 29 0
18C 0 0
19C 14 0
20C -7. 0
21C 7 0
*Refer to Figure 22.

PESSAP alpha activity obtained using a 126 cm” gas proportional detector. The alpha efficiency is dctcrmmcd in accordance
with the ESSAP procedure based on ISO-7503.
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TABLE 46

SURFACE ACTIVITY LEVELS
" BUILDING 707
2ND FLOOR
SURVEY UNIT 707116 '
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO
Measurement Total Surface Activity” Total Removable Activity
Location" (dpm/100 cm?) - (dpm/100 cm?)
22C 51 0 -
-23C 2,700 72
23C° 110 N/A®
24C 14 1
25C 51 0
26C 65 0
49B 100 0
50B 72 1
53B 14 1
*Refer to Figure 21.

YESSAP alpha activity obtained using a 126 cm gas proportional detector. The alpha cfficiency is dctcnmned in accordance

" with the ESSAP procedure based on ISO-7503.
°PRA — Post Remedial action measurement.

“N/A —Not applicable.
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TABLE 47

SURFACE ACTIVITY LEVELS
BUILDING 707
MODULE J
o . -SURVEY UNIT 707117
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Total Surface Activity” Total Removable Actmty
" Location® (dpn/100 cm?) (dpm/100 cm )

7B 130 0

8E -390° 0

9E 88 0

10E 110 1

11E 71 0

*Refer to Figure 16.

ESSAP alpha activity obtained using a 126 cm® gas proportional detector. The alpha eﬁiclency is determined in accordance
with the ESSAP procedure based on ISO-7503. :
No decon attempted during initial IV visit. Area subsequently remediated and verified by contractor
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" TABLE 48

BUILDING 707
MODULEJ
SURVEY UNIT 707118 -

SURFACE ACTIVITY LEVELS

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Total Removable Act1v1ty

Measurement Total Surface Actmty
Location® (dpm/100 cm?) . (dpm/loo cm?)
"~ 12E 120 0
13E 190 1
" 14E 1,100 0
14E° 120 N/A®
15E 53 0
16E 88 3
17B 1,200 22
"17E° - 58 N/A
18E 2,300 5
18E° 100 N/A
*Refer to Figure 16.

YESSAP alpha activity obtained using a 126 cm’® gas proportional detector. The alpha efficiency is determmcd in acoordanoc
* with the ESSAP procedure based on ISO-7503.

‘PRA — Post Remedial action measurement.

N/A — Not applicable.
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TABLE 49

COMPARISON MEASUREMENTS
ALPHA SURFACE ACTIVITY LEVELS
SURVEY MODULE C FLOOR

-BUILDING 707

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

K-HBartlett | . ESSAP K-H s
Measur.ement Survey Unit" | Alpha Achvnt;' Alpha Actmty Activity™
Locations A (dpmlloo cm’) | (dpm/100 cm j dpmy/100 cm L
2 707042 450 206 404,
5 707042 5,300 2,076 1,737
25 707042 57,000 24,429 15,000
15 707042 5,700 1,579 345
16 207042 8,200 3,729 383
20 707042 1,200 593 403
33 207042 4,000 1,851 985
31732 707042 820 255 413/590
15 707042 760 420 345
1 207042 2,000 1,058 a13
707045 2,500 505 1,477
707045 100 54 376
707045 26,000 9,005 7,903
13 707046 1,100 312 814

*Survey units are located in “C” Module. : _
ESSAP alpha activity obtained using a 126 cm’ gas proportlonal detector. The alpha eﬁicwncy is determined in accordance
with the ESSAP procedure based on ISO-7503. .
cMeasureme:ms obtained using Electra DP-6 100 cm? scintillation detector.
“Initial characterization survey data reported by Bartlett Final Survey Monitor.
‘Measurements based on 8 second stamp using a large-area (582 cnr’) gas proportional detector.
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APPENDIX A
MAJOR INSTRUMENTATION

The dlsplay ofa speclﬁc product is not to be construed as an endorsement of the product or its
manufacturer by the author or employer '

SCANNING INSTRUMENT/DETECTOR COMBINATIONS

Alpha

' Ludlum Ratemeter-Scaler Model 2221
coupled to
Ludlum Gas Proportional Detector Model 43-68, Physical Area: 126 cm’

(Ludlum Measurements, Inc., Sweetwater, TX)

Ludlum Floor Monitor Model 239-1
combined with
Ludlum Ratemeter-Scaler Model 2221

coupled to
Ludlum Gas Proportional Detector Model 43-37, Physical Area 550 cm?

(Ludlum Measurements, Inc., Sweetwater, TX)

Ludlum Ratemeter-Scaler Model 2221

coupled to
Ludlum Alpha Scintillation Detector Model 43-89 or 43- 90 Physical Area: 100 cm?

" (Ludlum Measurements, Inc., Sweetwater, TX)
DIRECI‘MEASUREMENTINSTRUMENT

Low Background Gas Proportlonal Counter
" Model LB-5100-W -
" (Canberra/Tennelec, Oak Ridge, TN)
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' APPENDIX B
SURVEY AND ANALYTICAL PROCEDURES
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APPENDIX B
SURVEY AND ANALYTICAL PROCEDURES

PROJECT HEALTH AND SAFETY

A walkdown of the proj-ect area was performed to evaluate the survey areas for potential health'

- and safety issues that may not have been identified by the site. Additionally, the proposed survey
and sampling procedures were evaluated to ensuré that any hazards inherent to the procedures
themselves were addressed in applicable job hazard analyses (JHAs). The procedures entailed .
minixr'lal.potcntial hazards that were currently addressed in ESSAP JHAs. - ‘

Personnel adhered to the site health and safety requirements. Project training requirements were
met prior to entry into the survey areas. General employee radiological training fof site access
was completed and the IV team completed beryllimﬁ worker qualiﬁcétion, includiné on-site
physical, chest x-ray, and classroom lecture. In addition, the IV team were trained or informed
of bﬁilding specific entry ahd safety requirements. - | |

QUALITY ASSURANCE

Caﬁbraﬁon

Analytical and field sﬁrvey activities were conducted in accordance with proccdures_ﬁ‘om the

fdllowing documents of the Environmental Survey and Site Assessment Program:

. ‘Survey Procedures Manual (September 2004)
. Laboratory Procedures Manual (August 2004)
. Quality Assurance Manual (August 2004)

The pfocedures contained in these manuals were developed to meet the requirements of
Department of Energy (DOE) Order 414.1C and the U S. Nuclear Regulatory Commission
Qué,lity Assurance Manual for the Office of Nuclear Material Safety and Safeguards and contain

measures to assess processes during their performance.
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Quality control procedures include:
. Daily instrument backgrdﬁnd and check-source measurements to confirm that equipment
-~ operation is within acceptable statistical fluctuations.
. Participation in MAPEP, NRIP, and ITP Laboratory Quality Assurance Programs.
. Training and certiﬁcqtioh of all individuals performing procedures.
. ~ Periodic internal and extemgl éudits.

| Calibration of all field and laboratory instrumentation was baséd on standards/sources, traceable
to NIST, when such standards/sources were available. In cases where they were not available, '
standards of an industry recognized organization were used. Instrumentation had to be re-
calibrated once at the site bééause of the effect of altitude onl detection capability. '

Detectors used for assessing surface activity were calibrated in accordance with ISO-7503'

- recommendations. The total efﬁcicncy ( € wta1) Was determined for each instrument/detector
. combination and consisted of the product of the 2 instrument eﬁiciéncy (€;) and surface
efficiency (£,): | - ‘

Cwal ™ EjX &

- The alpha calibration efficiency for gas proportional detectors used for the project, calibrated to
- Am-241 was typically at 0.11. The alpha calibration source was selected based on the alpha -
energy distribution of the radionuclide of concern. ISO-7503 recommends an &, of 0.25 when

measuring alpha emitters and beta emitters with a maximum energy of less than 0.4 MeV and an _

€5 0f 0.5 for maximum beta energies greater than 0.4 MeV.

'International Standard. ISO 7503-1, Evaluation of Surface Contamination - Part 1: Beta-emitters (maximum beta
energy greater than 0.15 MeV) and alpha-emitters. August 1, 1988,
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SURVEY PROCEDURES
Surface Scans

Surface scans were performed by passing the detector slowly over the surface; the distance
between the detectors and surface was maintained at a minimum, nominally about 1 cm. A large
surface area, (550 cm?) gas proportional floor monitor was used to scan the floors in the low-bay
area. Other surfaces were scanned using a small area 126 cm? hand-held gas proportional

detector or using a 100 cm? alpha scintillator detector. Identification of elevated levels was

based on increases in the audible signal from the recording and/or indicating instrument.

Scanning for alpha emitters must be derived differently than scanning for beta and gamma
emitters. For the most part, the background response of most alpha detectors is very close to
zero, typically registering no more than 2 or 3 cpm. The equation for alpha scan MDC is based

- on the MARSSIM equation in Appendix J:

_[-mf- P(nZl))] 60

a scan MDC =

Where P(n>1) is the probability of detecting 1 count, and t is the observétion interval based on
the scan rate (should not be greater than several seconds). In the application of this equation, one
must ‘recognize that a point of diminishing returns exists for how large t can be, typically no
more thaﬁ five seconds. That is, increasing the residence time to several seconds will not reduce
the scan MDC—i.e., one cannot continue to scan slowér and slower to increase t. The nominal |
scan rate for alpha scanning is determined to range from 2 to 5 cm/s. The probability of ' _
detecting one count should be specified as at least 90%, but ﬁequently it will be 95% (i.e., 0.95).
Finally, the use of a 100 cm? hot spot size allows the calculation of the alpha scan MDC in units
of dpm/100 cm’. Care must be exercised to calculate the alpha instrument efficiency usmg a

100 cm? calibration source.

*NUREG-1575. Multi-Agency Radxauon Survey and Site Investigation Manual (MARSSIM), U.S. Nuclear
Regulatory Commission. Washington, DC; June 2001,
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As an example, consider evaluating the scan MDC for Pu-239 on a concrete slab. Assume that
the scan speed (3 cm/s) is such that a residence time of 3.33 seconds is maintained over the
contamination. The instrument efficiency is assumed to be 0.44 and the surface efficiency
according to ISO-7503 is 0.25. Therefore, the scan MDC is based on a 90% probability of

detecting one count:

[- .ln(l -0.9)]60

= 380 dpm/100 cm?
(044Y025)3.33) ipm/100 em

o scan MDC =

For backgrounds greater than zero, e.g., 1 to 3 cpm, the. caléulational approach and scan MDC
result are still valid, however, it is at the expense of an increased false positive rate. That is, the
surveyor will be more likely to mistake Backgr‘ound as contamination. Fér background count
»rate on the order of 5 to 10 cpm, a single count should not céﬁse a surveyor to investigate further,

~ primarily because there would be an inordinate amount of false positives.

-Specific scan MDCs for the Nal scintillation detector for the radionuclide mixture in concréfce :

were not determined as the instrument was used solely as a qualitative means to identify elevated . |

gamma activity. MDCs for radionuclides in the concrete would approximate those contained in

NUREG-1507.

Surface Activity Measurements

Measurements of total surface activity levels were ﬁﬁmarily performed using gas proportional
detectors with portable ratemeter-scalers. Surface activity measurements were performed on

upper room surfaces, some equipment, and at locations of elevated direct radiation.
Count rates (cpm), which were integrated over one minute with the detector held in a static

 position, were converted to activity levels (dpm/100 cm?) by dividing the net rate by the total

efficiency (€;x€;) and correcting for the active area of the detector.
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Average background count rates were obtained from the vestibule entry on the south side of the
Building 707, for poured concrete construction material. The area was considered to have had
no known radiological issues. Typical alpha activity background count rates for unpainted
surfaces averaged 2 to5 cpm for the gas proportional and dual phosphor detectors. The physical
surface area assessed by the gas proportional detectors was 126 cm? and 100 cm? for the dual
phosphor detector. ’ ' '

Removable Activity Measurements
Removable gross alpha and gross beta activity levels were determined usiﬁg numbered filter -
paper disks, 47 mm in diameter. Moderate pressure was applied to the smear and approximatcly

100 cm? of the surface was wiped. Smears were placed in labeled envelopes with the location

and other pertinent informaﬁon recorded.
ANALYTICAL PROCEDURES

Gross Alpha/Beta

Smears were counted for two minutes on a low-background gas propotﬁgr_ial system for gross |
alpha and gross beta activity. The MDCs of the procedure were 9.dpm/100 cm? for gross alpha
and 15 dpm/100 cm? for gross alpha and gross beta, respé_ctively.

Uncerta;inties and Detection Limits
The uncertainties associated with the analytical data presented in the tables of this report .
: represent the 95% confidence level for that data. These uncertainties were calculated based on

‘both the gross sample count levels and the associated background count levels.

Detection limits, referred to as minimum detectable concentration (MDC), were based on 3 plus
4.65 times the standard deviation of the background count [3 + (4.65 VBKG )]. Because of
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| _ - variations in background levels, measurement efficiencies, and contributions from other

- radionuclides in samples, the detection limits differ from sample to sample and instrument to
instrument. A
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APPENDIX C

SUMMARY OF DEPARTMENT OF ENERGY
RESIDUAL RADIOACTIVE MATERIAL GUIDELINES
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" APPENDIX C

RESIDUAL RADIOACTIVE MATERIAL GUIDELINES
SUMMARIZED FROM DOE ORDER 5400.5 (DOE 1990)

BASIC DOSE LIMITS

| ‘ The basic dose limit for the annual radiation (excluding radon) received by an individual
| member of the general public is 100 mrem/yr. In implementing this limit, DOE applies
: as low as reasonably achievable principles to set site-specific guidelines.

EXTERNAL GAMMA RADIATION

The average level of gamma radiation inside a building or habitable structure on a site
that has no radiological restriction on its use shall not exceed the background level by
more than 20 xR/h and will comply with the basic dose limits when an appropriate-use
scenario is considered. ‘

SURFACE CONTAMINATION GUIDELINES
Allowable Total Residual Surface Contamination
(dpm/100 cm?)*

Radionuclides® Average™  Maximum®®  Removable®f

Transuranics, Ra-226, Ra-228, 100 300 20
Th-230 Th-228, Pa-231, Ac-227,
1125, 1-129

Th-Natural, Th-232, Sr-90, 4 1,000 3,000 200
Ra-223, Ra-224, U-232, '
I-126, 1-131, 1-133

U-Natural, U-235, U-238, and 5000 15000 1,000
associated decay products : :

Beta-gamma emitters (radionuclides 5,000 15,000 1,000
with decay modes other than ‘

alpha emission or spontaneous

fission) except Sr-90 and others

noted above : :
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* Asused in this table, dpm (disintegrations per minute) means the rate of emission by
radioactive material as determined by correcting the counts per minute measured by an
appropriate detector for background, efficiency, and geometric factors associated with
the instrumentation. .

® Where surface contamination by both alpha- and beta-gamma-emitting radionuclides
exists, the limits established for alpha- and beta-gamma-emitting radionuclides should
apply independently.

¢ Measurements of average contamination should not be avcraged over an area of more
than 1 m?. For objects of less surface area, the average should be derived for each such
object. . '

¢ The average and maximum dose rates associated with siirface contamination‘rmulting
from beta-gamma emitters should not exceed 0.2 mrad/h and 1.0 mrad/h, rwpecuvely,
at a depth of 1 cm.

¢ The maximum contamination level applies to an area of not more than fOO- cm?.

f The amount of removable radioactive material per 100 cm? of surface area should be
determined by wiping an area of that size with dry filter or soft absorbent paper, applying
moderate pressure, and measuring the amount of radioactive material on the wipe with an
- appropriate instrument of lcnown cfﬁcwncy When removable contamination on objects

_ of surface area less than 100 cm? is- determined, the activity per unit area should be based.
on the actual area and the entire surface should be wiped. The numbers in thls column _
are maximum amounts.
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APPENDIX D

K-H QUALITY ASSURANCE SCAN SURVEYS FOLLOWING
ORISE INDEPENDENT VERIFICATION OF BUILDING 707
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APPENDIXD -

QUALITY ASSURANCE SCAN SURVEYS FOLLOWING
ORISE IV OF BUILDING 707 -

Executive Summary

. Pursuant to discussions with DOE/RFPO, CDPHE, ORISE, and K-H representatives on
November 29 and December 1, 2004, additional quality assurance (QA) surveys were

. ‘conducted in Building 707. A written survey protocol was developed and approved by

DOE/RFPO, ORISE, and CDPHE representatives. Based upon this protocol, five 707

survey units were selected for these additional QA surveys. Three Class 1 survey units

were selected which ORISE did not survey as part of their validation studies. Two Class

2 survey units were selected in which ORISE performed validation surveys. Results of
these additional surveys indicate that all five survey units meet the agreed upon survey
criteria. All elevated areas were verified to be less than 100 dpm/100 cm? over the
affected one square meter area in accordance with DOE Order 5400.5. :

 Initially, two of the chosen survey units did not meet the first 10 percent scan criteria.
However, both of these units (707065B and 707096B) did meet the second 10 percent
scan criteria. Two identified areas (one in each survey unit) have been remediated to
<300 dpm/1 00 cm’. The pre-remediated levels were 520 dpm/ 100 cm’ and 535
dpm/100 cm?.

Introduction/Scope

Additional quality assurance scan surveys have been performed in Building 707 based
upon agreements among DOE/RFPO, CDPHE, ORISE, and K-H. These surveys were
performed with oversight by K-H supervision, DOE/RFPO, and on-site MARSSIM
experienced personnel. A total of five survey units were selected: Three Class 1 survey
units which were not surveyed by ORISE; and two Class 2 survey units which were
surveyed by ORISE. These units were selected based upon a bias toward higher potential
for contamination due to historical activities in Building 707. This historical criteria
resulted in survey units being selected in Modules A, B, E, and J, as shown in the:
following table. _

_Module | Survey Unit { Area Classification Area Description
A 707021 ' 2 . walls, ceilings, columns
B 707030 2 walls, ceilings, columns -
B 707031 1 floors
E 707065 1 floors
J 707096 1 floors

Letter desigrations were used behind the survey unit number in the survey data packages -

to indicate the number of 10 percent scans required for each unit. For example, both
survey units 707065 and 707096 required a second 10 percent scan, therefore, two data
packages exist for each of these two packages, i.e. 707065A and 707065B and likewise

Rocky Flats Former Building 707 D-1 projects/408/Reports/2005-11-22 Final Report




for 707096A and 707096B. Blue grids on the survey maps identify the first 10 percent

scan grids for the “A” packages. Green grids on the survey maps identify the second 10
percent scan grids for the “B” packages. Scan grid maps’ were generated through a
random grid process. '

- The following agreed upon protocol was utilized to perform the quahty assurance
surveys:

Grid 10% of selected survey units

Perform and document scans of areas

Remediate all areas > 300 dpm/100 cm?

If remediation is requlred select and scan an additional 10% w1thm
same area

Repeat until scan results mdlcate < 300 dpm/100 cm®

Complete all selected survey units -

e Report all results to DOE/RFPO for transmittal to ORISE for
review/comment ,

All survey measurements Were perfOrmed using NE Electra instrumentation with DP-6 |
probes, Wthh have a calculated minimum detectable act1v1ty of approx1mately 75
dpmi/100 cm?. .

Radiological Survey Results

Survey Unit 707021A .

This survey unit is comprised of the walls, columns, and ceiling in the “A” module area,
on the first floor of Building 707. The walls and ceiling were part of the corridor,
separated by drywall walls and a false ceiling, and not a part of “A” module. Therefore,
it is classified as a Class 2 survey unit. The classification was based on the minimal
potential for contamination due to process history. No contamination in excess of the
unrestricted release limits was anticipated. 707021 was surveyed by ORISE during its
independent venﬁcatlon surveys of Building 707.

Survey unit 707021 A met the 10 percent scan criteria with the highest detected
contamination level of 265 dpm/100 cm”. No further action is necessary. Refer to
attached data package for 707021A for radiological survey data, investigation
documentation, survey map locations, data sheets, and instrument information.

Survey Unit 707030A :
This survey unit is comprised of the walls, columns and ceiling in the “B" module area,

on the first floor of Building 707. The walls and ceiling were part of the corridor,
separatcd by drywall walls and a false ceiling, and not a part of “B” module. Therefore,
it is classified as a Class 2 survey unit. The classification was based on the minimal
potential for contamination due to process history. 707030 was surveyed by ORISB
during its independent verification surveys of Building 707
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Survey unit 707030A met the 10 percent scan criteria with the hlghest detected
contamination level of 280 dpm/100 cm®. No further action is necessary. Refer to
attached data package for 707030A for radiological survey data, investigation '
documentation, survey map locations, data sheets, and instrument information. -

Survey Unit 707031A
This survey unit is comprised of the floor surfaces between column lines C-D and 3-5 in’

the “B” module area, on the first floor of Building 707. It is classified as a Class 1 survey
unit. The classification is based upon the higher potential for contamination due to
process history. 707031 was not surveyed by ORISE durmg its independent verification

surveys of Building 707.

Survey unit 707031A met the 10 percent scan criteria with the highest detected
contamination level of 95 dpm/100 cm?. No further action is necessary. Refer to
attached data package for 707031A for radiological survey data, investigation
documentation, survey map locations, data sheets, and instrument in\formation.

- Survey Unit 707065A .
This survey unit is comprised of the floor surfaces between column lines K-L and 9-11in
the “E” module area, on the first floor of Building 707. It is classified as a Class 1 survey
unit. The classification is based upon the higher potential for contamination-due to
process history. 707065 was not surveyed by ORISE during its independent verification
surveys of Building 707.

- Survey Unit 707065A dxd not meet the first 10 percent scan criteria. Survey gnd #2
indicated one 100 cm? area of 520 dpm. Therefore, an additional 10 percent scan area
was randomly generated, gridded, and surveyed. This new area was identified as Survey
Unit 707065B and survey results indicate that this unit met the second 10 percent scan
criteria. The highest contaxmnatxon level detected in 707065B was 165 dpm/100 cm?,

The area w1thm survey unit 707065A of 520 dpm/100 cm? has been remediated to <300
dpm/lOO cm?.

Grid #4 in 707065A initially mdlcated several 100 cm? areas that would have averaged
greater than 100 dpm/100 cm?, without any one area greater than 300 dpm/100 cm®. A
resurvey confirmed all levels to be less than the 100 dpm/100 cm®. Therefore, the initial
elevated results were attributed to short-lived radon progeny. Refer to the Radon
Investigation Information section of this report for general details.

Survey Unit 707096A

This survey unit is comprised of the floor surfaces between column lines O-Q and 1-3 in
the “T’ module area, on the first floor of Building 707. It is classified as a Class 1 survey
unit. The classification is based upon the higher potential for contamination due to
process history. 707096 was not surveyed by ORISE during its mdependent verification
surveys of Building 707. :

Survey Unit 707096A did not meet the first 10 percent scan criteria. Survey grid #23
indicated one 100 cm? area of 535 dpm. Therefore, an additional 10 percent scan area
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was randomly generated, gridded, and surveyed. This new area was identified as Survey
Unit 707096B and survey results indicate that this unit met the second 10 percent scan
criteria. The highest contamination level detected in 707096B was 275 dpm/ 100 cm?.

The area w1th1n survey unit 707096A of 535 dpm/ 100 cm? has been remedJated to <300
dpm/100 cm’.

Radon Investigation Information

During these quality assurance surveys, radon interference was observed. A few survey
gnds initially indicated elevated levels ranging from approximately 500 to 700 dpm/100
cm’. Follow-up surveys along with tape presses on the specific areas proved the radon

interference. All final grid survey results documented on the data sheets are actual results

without radon interference.

Disposition of ORISE Suspected Elevated Areas

Confusion may have occurred during the October 11-15, 2004 ORISE site verification
activities regarding specific areas within Building 707 not meeting the free release
criteria. For these areas, K-H planned to plate or otherwise control the building material
as contaminated waste during building demolition. This became evident upon review of
the ORISE survey data and the ORISE Interim Report Letter, dated November 24, 2004
to Mr. Gary Shuetz, (DOE/RFPO) from Phyllis Weaver (ORISE/ESSAP) :

Even though several of the suspected elevated areas were 1denuﬁed by ORISE in their
survey data reports with footnotes stating “location to be covered with steel plate and
removed after building demolition,” ORISE utilized these elevated survey results to
indicate potential concerns with the K-H release survey protocol. :

Please note, all of the areas in question were identified by K-H prior to the ORISE
verification surveys to be plated, controlled and handling as contaminated waste during

_or after demolition. Two of the areas in question are large area depressions in the first
floor of Building 707 and were filled with flow fill concrete as a special control measure
which will be removed as part of the contaminated slab removal after demolition.

Miscommunication on the part of KH with the onsite ORISE survey personnel resulted in
areas being misidentified as areas for free release instead of areas requiring appropnate
controls for handling as contaminated waste during demolltxon

An additional factor which resulted in confusion was that active remediation was being
performed in some areas of Building 707 while ORISE was conducting independent
verification surveys. This resulted in ORISE personnel surveying an area in which final
remediation and/or K-H release surveys had not been completed. Most of these identified
areas were remediated and validated by ORISE as mecting free release criteria prior to
ORISE personnel leaving the site. DOE/RFPO and K-H personnel performed final
verification for appropriate disposition of these areas through a visual inspection and

- walk-down on December 2, 2004.
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The following table provides disposition of the ORISE reported suspected elevated area
surveys. This table utilizes the initial ORISE measurements in°"dpm/100 cm®. However, -
through discussions between DOE/RFPQ and ORISE management, it is expected that
ORISE will resolve the instrument calibration differences between the K-H and ORISE
protocol (2 versus 4x calibration). This will result in ORISE measurement values
reflecting the approval site pre-demolition survey plan protocol. :
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Suspected Elevated Area Disposition

Survey ORISE ORISE .
Module Unit Measurement Measurement Disposition Comments
Location (dpm/100 cm’)

] 707095 40D 1,400 Note 2 below

J 707095 41D 31,000 Note 2 below

K 707093 29E - 1,000 Note 3 below

K 707093 30E 3,900 Note 3 below

K 707093 31B 1,700 Note 3 below

K 707093 32E 1,100 Note 3 below

F 707070 66 4,700 ORISE Validated KH rcmedxauon to 43 dpm /100cm®
F 707070 63 4,700 ORISE Validated KH remediation to 43 dpm /100cm’
A 707022 96C 1,900 ORISE Validated KH remediation to 94 dpm /100cm®
A | 707022 97C 1,800 ORISE Validated KH remediation to 110 dpm /100cm’
A 707024 57C 1,100 ORISE Validated KH remediation to 220 dpm /100cm’
A 707024 58C 4,600 ORISE Validated KH remediation to 120 dpm /100cm”
A 707024 64C 2,600 ORISE Validated KH remediation to 120 dpm /100cm”
A 707027 68C 2,300 ORISE Validated KH remediation to 72 dpm /100cm?’
A 707027 - 70C 12,000 Note 2 below

B 707030 83B 2,500 Note 2 below

B 707035 39C 9,500 Note 2 below

B 707035 40C - 3,000 Note 2 below

B 707035 41C 1,400 ORISE Validated KH remediation to 79 dpm /100cm”
B 707036 47C 2,700 ORISE Validated KH remediation to 120 dpm /100cm’
D 707048 19A 1,500 ORISE Validated KH remediation to 72 dpm /100cm® |
E - 707062 36A 11,600 ORISE Validated KH remediation to 110 dpm /lOOcm
E 707057 92B 3,800 Note 4 below

K | 707098 44D 530 ORISE Validated KH remediation to 94 dpm /1 00ca?
K 707098 45D 800 ORISE Validated KH remediation to 94 dpm /100cm”
K. 707098 46D 690 ORISE Validated KH remediation to 94 dpm /100cm’
J 707118 14E 1,100 .| ORISE Validated KH remediation to 120 dpm /100cm’
J 707118 17E 1,200 ORISE Validated KH remediation to 58 dpm /100cm’
J 707118 18E 2,300 ORISE Validated KH remediation to 100 dpm /100cm”
Notes:

1. ORISE expected to revise initially reported measurement values.

2. Area plated to be removed after bmldmg demolition as LLW.

3. 'Area remediated to <300 dprn/100.cm’.

4,

Area identified for removal during demolition (structural steel).
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IN-PROCESS VERIFICATION
OF THE
BUILDINGS 771 AND 774 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

INTRODUCTION AND SITE HISTORY

The Atomic Energy Commission, predecessor agency to the U.S. Department of Energy (DOE),
selected the Rocky Flats site in 1951 to serve as a nuclear weapons component production
facility. Production began in 1952 on both nuclear and non-nuclear components with the
plutonium pits being the key component. Uranium and beryﬁimn were also utilized in the
production of various components and processes. Operations éontinued until 1989 when
environmental and safety concerns temporarily halted operations. There were over 700
structures such as process and support buildings that were involved in the site’s nﬁssion. In
1993, the production mission was permanently ended and a new mission to clean up the site by |
2006 was initiated. The site has since been renamed as the Rocky Flats Environmental
Technology Site (RFETS).

Kaiser-Hill Company, L.L.C. (K-H), is the DOE contractor responsible for closure of the RFETS
by the year 2006. To meet the closure goal K-H characterized, remediated, performed surveys,
demolished and disposed of each building at the site as either clean or radiologically
contaminated wastes. | |

Demolition and disposal has been completed by K-H for the Building 771 and 774 Closure’
Project. Buildings 771 and 774 were among four major process buildings constructed in the

carly 1950’s. The two structures were connected, via Building 771C that housed the former -

' drum counting and storage facility (K-H 2001a).

Building 771 served as the primary facility for plutonium operations from 1953 until 1989 when
operations were shut down. Building 771 housed five major operational groups: (1) Plutonium
Recovery which recovered plutonium from a variety of processed residues, (2) Plutonium
Special Recovery that processed scrap metal and oxide residues, (3) Plutonium Chemistry
Research and Development that supported methods for recovering, ‘separating, and purifying

Rocky Flats Closure Project 1 0967\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




actinides, (4) Plutonium Metallurgy Research group that assisted with design and plant

production in the dqvelopmﬁnt of weapons machining and fabrication, and (5) Analytical - \
Laboratories that prepared and analyzed liquid and solid samples of various isotopes as well as

plutonium. For historical context, a major glovebox fire occurred in 1957 resulting in significant
contamination, such that the plutonium foundry and fabrication and assembly operations

previously located in this facility were moved to Building 776/777 (K-H 2001a). |

Building 774 was constructed in 1953 and later connected to Buxldmg 771 in 1962 by a concrete
utxhty and plpe-chase tunnel. Processed liquid radioactive and hazardous wastes that originated
from a variety of building operations were transferred to Building 774 via underground waste

" transfer lines through the tunnel, 55-gallon drums, or in plaéﬁc bottles. These waste streams may

have also contained contaminants other than plutonium such as uranium, americium, and other
transuranics. Additional support facilities were later constructed and adjoined Building 774 to

accommodate the waste volume and new treatment processes (K-H 2001a and b, 2003a).

The DOE’s Rocky Flats Proj ect Office (RFPO) requested that the Environmental Survey and
Site Assessment Program (ESSAP) of the Oak Ridge Institute for Science and Education
(ORISE) provide Type B independent verification (IV) of Building 771 and Type A mdependent
verification of Building 774.

SITE DESCRIPTION

The RFETS is located approf&imately 16 miles northwest of Denver, Colorado on State Highway
93 and Cactus Road.‘ RFETS occupies approximately 385 acres within the 6,000 acre reservation
site owned by DOE. There were approximately 700 buildings and structures on the site, most of
which were associated with the production of nuclear weapons (Figure 1). The éitc was divided
into two major operable units, the DOE Retained Area and the Site Refuge Area. All nuclear
facilities at the site are within the boundaries of the Industrial Area (ORISE 2004a).

Buildings 771 and 774 were located in the north-central section of the RFETS Industrial Area
(Figure 2). Buildings 771 and 774 were constructed of steel-reinforced concrete having interior

walls of concrete block or cinderblock, either unfinished or finished with Gypsum™ or
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Transite™ paneled walls. Ceilings and floors were poured steel-reinforced concrete covered with

" an epoxy paint finish for ease of decontamination during operations (X-H 2001a).

Building 771 was a two-story structure built into a hillside with only the north side primarily
eprs'ed. Plot plans for the first and second floors, as each existed during the verification
surveys in Building 771, are shown in Figures 3 and 4. Building 771 had sik major additions that
expanded the original facility area from 131,000 square feet to approximately 151,000 square .
feet. Tunnels used for uﬁﬁﬁcs and the transfer of materials from Building 771 were connected to
Buildings 774 and 776 (K-H 2001a).

Building 774 was also a two story structure which contained 2 large variety of above and belbw

ground concrete and steel tanks for storing liquids (Figure 2). Seven additions were eventually |

constructed to the original 60 by 60-foot structure. During 6peration, Building 774 was divided

in half to treat the various types of waste. High-level alpha activi'ty wastes were treated in the

west half of the building and low-level wastes were treated in the eastern half. The dividing wall
~ separating tlﬁs building was constructed of reinforced concrete (K-H 2001b).

Building 774 was demolished after ESSAP reviewed the Pre-Demolition Survey Reports (PDSR)
for the North Dock Area and the 1973 addition (K-H 2003a and 2004a). Upon the completion of
Type B surveys, Building 771 was demolished. Portions of the Building 771 structure greater .
than six feet below final grade remain as established in the approved closure proj ect
characterizétion plan (K-H 2003b).

INDEPENDENT VERIFICATION OBJECT IVES

Independent verification of Building 771 was implemented to evaluate the data quality objectives
(DQO:s), as defined in the independent verification program plah (IVPP), prior to pre-demolition
of Building 771 (ORISE 2004a). The decommissioning approach implemented by K-H was
evaluated by the IVT. Results from document reviews and data collection were compared to
specified guideline criteria as stated in the approved project characterization plan and pre-
demolition survey plan (K-H 2003a and 2002). The IVT collected media and core samples,
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performed surface scans for low-energy gamma and alpha radiation, performed Total Surface

Activity (TSA) measurements, and collected smear samples for removable activity.

The IVT utilized MARSSIM’s guiding principles to conduct verification activities in an
expeditious manner to assess the Decontamination and Decommissioning (D&D) contractor’s
process. The IVT implemented the in-process inspection as outlined in the IVPP for areas not
physically evaluated to assess the contractor’s effort through si gxﬁﬁcént documentation and
procediire implementation. This included reviewing the methodology used to classify areas
according to contamination potential. As such, procedures for the selection, calibration and use
of survey instrumentation, as well as the adequacy of survey procedures and analytical planning
were assessed. Review activities were also focused on proéédures that the IVT had not evaluated

during verifications of other RFETS closure projects (ORISE 2004a).
DOCUMENT REVIEW

The IVT performed document reviews and provided comments, where necessary, on the .

contractor’s Pre-demolition Survey (PDS) Plans, guidelines document, supporting data and

~ related reports, and historical assessment documentation (K-H 2001a/b, 2002, 2003a/b, and

'A2004b thrétigh g). Type A verifications were pcrformed for seven SUs located in the North
Dock Area of Building 774 (i.e., SU 771048, 771054, 771056, 77 1057, 771058, 771046, and
771102) and the 1973 addition to Building 774 (K-H 2003a and 2004a). Type A reviews were
completed for several areas in Building 771, the Administration Building (West), Locker Room
Area, and the Indirect/Direct Evaporative Cooling Building (K-H 2004b, c, and d). The reviews
resulted in generating comments concerning inconsistencies in the presentation of the data,
'speciﬁcally concerning documentation for survey methodology and sﬁrvcy results. Initial
reviews of these data sources identified a concern associated with implementation of MARSSIM

guidance protocol (i.e., classification or re-classification of SUs).

The PSDR for Building 771 was reviewed for implementation of the sampling and measurement
processes and to assess the overall final results of the remediation effort. Documentation

reviewed by the IVT indicated that a significant amount of décommissioning—related work had
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been accomplished by K-H to reduce remaining contamination levels to within the permissible

guidelines (K-H 2004f and g).
RADIOLOGICAL SURVEY PROCEDURES

Survey activities were conducted by the IVT in accordance with a proj ect-specific plan and
supplemented by the ORISE/ESSAP Survey Procedures and Quality Assurance Manuals (ORISE
2004b, c, agd d). The'IVT conducted scans for alpha ax\ld low-energy gamma activity and TSA

- measurements, and collected smears for removable activity, core and media samples in Building
771 during the periods of July 27 through August 2 and August 19 through August 26, 2004,
Surface activity measurements were obtained to transform thé existing surface activity
measurements into concentration-based units needed to allow a comparison against the
established release criteria as specified in the characterization reports and PDS Plan (K-H 2001b
and 2002). Instrumentation included a field instrument used for the detection of ldw-energy
radiation (FIDLER), gas proportional dual phosphor détectors, and zinc sulfide (ZnS)

scintillation detectors each coupled to ratemeter-scales with audible output.

. The initial verification survey activities were performed on structural surfaces gr'eatér than six
feet below final grade (survey areas AE and AF). In-process remediation, survey'activitics, and
demolition were being conducted by K-H upon arrival of the IVT in July 2004. The subsequent
survey efforts evaluated SUs on thé second floor (Area AH within six feet of final grade) and the
ﬁrst‘ floor ceiling (Areas AE and AF). The locations on the first floor that were assessed by the
IVT included SUs 771072, 771073, 771074, 771075. In addition, the IVT conducted
radiological surveys of SUs 771038, 771039, 771040, 771041, 771043, 771044, and 771076 that
were located on the second floor. Data coIlécted were compared to the surface guideline criteria
for unrestricted release in accgrdance with DOE Order 5400.5 (DOE 1993 and 1995).

In addition td the surface measufements, environmental media which included concrete corés
and surface Eoncrcte from the floor slab were collected in survey areas AE and AF for surfaces
greater than six feet below ﬁnal_ grade to determine whether or not the volumetric release criteria
specified in the approved Decommissioning Opgratién Plan (DOP) had been met. In addition,

this sampling effort also provided the technical basis for using surface gamma measurements as a
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surrogate to estimate the concentration of Pu-239 contamination present. Accordingly, surface
media collected at randomly generated locations and core samples collected at locations with
elevated surface radioactivity levels were assessed using this surrogate measurement approach as

the basis for determining if the approved D&D objectives had been achieved.

REFERENCE GRID

The IVT used the remaining SU reference system established by the D&D contractor to identify
measurement and sampling locations. Measurement and sampling locations were documented

on available survey maps.

SURFACE SCANS

Alpha surface scans were performed using instrumentation based on the best available
technology for the type of contamination. Scans were performed in over 75 percent of accessible
areas in Class 1 SUs and approximately 10 to 40 percent in Class 2 SUs. " Scans for alpha activity
were focused on areas such as walls and overhead surfaces including ledges, support beams, and
penetrations. Alpha surface scans of the floors were performed using a large area gas
proportional detector in SUs designated for fill release. Gas proportional detectors or dual
phosphor scintillation detectors coupled to ratemeter-scalers were used to identify locations with
elevatedldirect' radiaﬁon readings. These locations were identified and marked for further
investigation. In addition, ESSAP performed surface activity scans using the FIDLER detector .
on at least 70 percent of the available floor area in SUs 771072, 771073, 771074, and 771075
(Areas AE and AF) : |

The floor had been covered in an epoxy cﬁcapéulant prior to ESSAP’s arrival. Scans identified
numerous locations in excess of the field action level of 250,000 cpm (established by K-H) that
necessitated further investigations. As such, these additional investigations were conducted. ona
- case-by-case basis at locations cxcéeding the field action level; investigations included additional

surface measurements and/or sampling.
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Fifty to 70 percent of the available floor surfaces located in SUs 771038, 771039, 771040,
771041, 771043, 771044, and 771076 of Area AH were selected for scanning. Approximately
20 percent of the lower wall area and 10 percent of the upper wall and ceiling surfaces in survey
areas AE and AF on the first floor were scanned with either a hand-held gas proportional or
plastic scintillation detector. These same types of survey instruments were also used to conduct '
surveys on the second floor in SUs 771039, 771041, and 771043. All detectors were coupled to
ratemeter-scalers with audible indicators to more effectively locate areas suspected of containing

elevated levels of radioactivity.

Numerous locations were identified through surface scans which were greater than the gamma
surface action level, but all were not sampled. ‘The IVT idéntified and marked locations of high
residual radioactivity and identified these locations to K-H and DOE.

Particular attention was given to cracks and joints in the floor, walls, and ceilings, and on ledges '

or other horizontal surfaces. Overhead and upper surface scans focused on areas such as ledges,

~ support beams, and around pénetmtions or other openings through the ceiling. Additional

information concerning major instrumchtation, sampling equipment, and analytical procedures is
provided in Appendices A and B. ' '

SURFACE ACTIVITY MEASUREMENTS

The IVT obtained alpha TSA measurements on the floor, lower wall, and ceiling locations from
the first and second floor SUs designated as areas suitable for free release. Measurement
locations were selected by various methods that included locations specified by DOE, randomly
generated locations, and judgmental locations identified during scanning. Alpha surface activity
measurements were collected at 147 locations using gas proportional and plasﬁc scintillation
detectors coupled to ratcmétcr—‘scalcrs, (Figures 6-14). In addition, aipha surface activity
measurements were collected on the ceiling of Areas AE and AF (Figures 6 and 7) at 31
individual locations. Smear samples were also collected to determine the levels of removable

activity at each of the direct alpha measurement locations.

Gamma surface activity measurements were performed to detefmine if the remaining building
floor slab (at greater than six feet below final finish grade) would meet the surficial radionuclide

Rocky Flats Closure Project : 7 0967\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




concentration criteria. F ifty measurements were obtained in survey areas AE and AF on the
floor at locations that were identified to be greater than the field action level (Figure 5). The
surfaces in survey areas AE and AF had been coated with the latex fixative. All gamma

-measurements were performed on contact with the floor surface using the FIDLER.

MISCELLANEQUS SAMPLING

The IVT collected 15 surface ﬁzedia samples from randomly generated locations in‘suwey areas
AE and 14 samples from survey area AF (Figure 15). However, ESSAP did not accept the 14
media samples from area AF due to suspected high concentrations of transuranics in the samples.
~ Occasionally, the location of a randomly generated measurement location would be adjusted to
capture a previously selected judgmental sampling location. Ten concrete core samples were

also collected at selected judgmental locations within areas AE and AF (Figure 15).
SAMPLE ANALYSIS AND DATA INTERPRETATION

. Radiological samples and data were returned to the ORISE/ESSAP laboratory in Oak Ridge,
Tennessee for analysis and interpretation. Sample analyses were performed in accordance with |
the ORISE/ESSAP Laboratory Procedures Manual (ORISE 2004¢). Radiological data were
compared to K-H results and the established criteria for the appropriate areas of concern.

Alpha TSA measurements and smear samples (analyzed for gross alpha and beta radioactivity
using a low-background gas proportional counter) were collected and converted from counts per
minute to units of disintegrations per minute per one hundred square centimeters (dpm/100 cm?),
Conversions into these units of measurements were needed to dcfcrminc whether or not the

surficial release criteria had been met.

A discrepancy that was identified early in the project noted that ORISE uses as standard practice
a 2-n calibration for surface conta_mihation instruments in accordance with ISO-7503 guidance
(i.e., ORISE calibration considers surface efficiency and also results in a 4-n total efficiency),
whereas K-H performed a 4-n calibration. Therefore, it became readily apparent that the
reported ORISE alpha surface contamination results were neai'ly twice the reported activities of

the K-H data for the same survey locations. Considering these differences, adjustments were
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made for evaluating the measurements reported by K-H and for accurately comparing the IVT’s

surface measurements against the approved release criteria.

Gamma surface activity measurements were also used to estimate the concentration of isotopic
plutonium based on the observed Am-241 to Pu-239 ratio of 1:8. Gamma surface activity .
measurements were converted to units of nanocuries per gram (nCi/g) based on the calculation
approach adapted from K-H and verified by ESSAP (K-H 2005).

Miscellaneous media and core samples were analyzed by gamma spectroscopy and reported in
unilts' 6f picocin‘ies per gram (pCi/g). However, not all of the samples collected were shipped to
the ESSAP laboratory for analysis since the concentration of radioactivity contained in some of
the samples exceeded ESSAP’s laboratory restrictions on total transuranic activity.
Considerations for special handling of the cores and media samples were required because of the
significant levels of radioactivity present, and thereforé, only a limited quantity of material could

be received at any given time to avoid any cross-contamination of the environmental laboratory

facility. .

Cores and media samples were analyzed by gamma spectroscopy and selected samples were
analyzed by alpha spectroscopy because of the significant activity and the potential for
significant radionuclide concenuaﬁoﬁ_ Spectra were reviewed for the presence of Am-241 since
this information was needed to estimate the Pu-239 concentration from the levels of Am-241 -
measured by ESSAP’s laboratory. '

Additional information concerning major instrumentation, sampling equipment, calculation

variables, and analytical procedures is provided in Appendices A and B.

RELEASE CRITERIA

The radionuclide of concern for the Building 771 Closure Project is 35 year old Weapons gréde
plutonium (Pu-239/240). Portions of the Building 771 slab and areas below six feet of the final

soil grade may remain in place as stated in the closure project characterization plan (K-H 2003b).

"The portions of the building six feet above the final grade must meet the requirements for

unrestricted release of items, materials, equipment, and buildings prior to demolition or use as

fill.
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The applicable surface activity guidelines for plutonium from DOE Order 5400.5, Appendix C
are (DOE 1993 and 1995): '

Total Alpha Activity

100 o dpm/100 cm?, averaged over a 1 m? area
300 o dpm/100 cm?, maximum in a 100 cm? area

Removable Activity

20 o dpm/100 cm?

The applicable building-specific criteria for the slab and structure bclov? six feet of the final
proposed grade (as state& in the DOP) is a concentration of 100 nCi/g (surface) and 7 nCi/g
when averaged over the entire volume of concrete (K-H 2003b). For direct comparison to these
applicable release limits, gmnma surface activity measurements were converted to the

appropriéte concentration-based units as previously discussed.
FINDINGS AND RESULTS
DOCUMENT REVIEW

ESSAP reviewed the PDSR documentation for Type A assessments for the North Dock Area and
~ the 1973 Addition to Building 774, and the Indirect/Direct Evapofative Cooling (IDEC) area of
Building 771 as part of the closure procéss for the 771/774 complex. A letter report for each
PDSR was.-subsequcntly prepared for DOE (ORISE 2004f and g). Conclusions cited in the
PDSR indicated that thé criteria for free release had been met. However, ESSAP’s independent
reviews of the PDSR revealed that the guidelines at two locations at the Indirect/Direct .
Evaporative Cooling (IDEC) area were exceeded by 50%. The IDEC was initially considered a
Class 3 SU. However, .based on MARSSIM recommendations, Class 3 SUs that contaih '
radioactivity exceeding 50% of the DCGL should be reclassified as Class 2 SUs and thus,

warrant more extensive field investigations to support sultablc conclusions.
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ESSAP reviewéd a number of documents prepared by K-H in the development of the survey
approach for evaluating Building 771 (K-H 2001a, 2002, and 2003b). The independent survey
was designed based upon the available data indicating where the potential for contamination

. could be present at elevated levels.

At the time of the independent verification surveys, final survey data were not available for
review. In addition, interim reports/data subsequently provided to ESSAP did not identify any
areas where contamination existed at levels exceeding the releasc. criteria. However, the results
of actual survey data collected by ESSAP did not éorroboraté K-H findings contained in the
interim reports, but instead indicated the presence of contamination at levels exceeding the ~
established guidelines for free release and for structures that would Be allowed to remain six feet

‘below grade.

Since these findings were reported by ESSAP to DOE, K-H has prepared final reports for
Building 771 that indicate all areas have been decontaminated to levels commensurate with the
established guidelines. It should also be noted that many areas of Building 771 within six feet of

final grade were removed and packaged as low-level radioactive waste during demolition.

SURFACE SCANS

Alpha surface scans of the'peiling on the first floor identified a small area that was ﬂagged for
additional investigation. Alpha scans of the above-grade surfaces on the second floor identified
several areas of radioactivity above the éurface criteria in each of the SUS investigated by
ESSAP. Scans of the floor identified alpha activity ranging from 0 to 800 cpm, with the highest
activity identified in SU 771039.

Gamma surface activity scans of areas AE and AF on the first floor ranged from 2,500 cpm to
640,000 cpm. Scans identified numerous locations in both SUs having levels of surface
radioactivity exceeding the action level of 250,000 cpm, with the highest readingsdetccted in
Area AF. Gamma scan activity of second floor SUs ranged from 4,000 to 270,000 cpm.
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- SURFACE ACTIVITY LEVELS

- A summary of ranges for total and rt;movaf)lc alpha activiiy measurements is provided in Table

2. Of the 147 total surface activity (TSA) measurements collected, 43 locations were identified
as having contamination in excess of the release criteria (i.c., 29 on the floor and 14 on the
‘walls/ceiling). One TSA measurement from the ceiling in Area AF exceeded the maximum
release guideline criteria for surfaces within six feet of final grade. Results of these TSA
measurements ranged from -14 to 13,000 dpm/100 cm? with the highest activity identified in SU

771041. The greatest numbers of measurements exceeding the free release criteria were

“identified in SU 771038, 771039, 771041 and 771076.

| Removable surface activity ranged from 0 to 35 dbnm/ 100 cm®. Two fneasurements collected at
SU 771039 and 771041 yielded results of 31 and 35 dpm/100 cm?, respectively that exceeded the
removable alpha contamination criteria of 20 dpm/100 cm’. Tables 3 to 11 provide specific
information about the SU locations and measurement results obtained by the IVT

A

Gamma surface activity measurements are présented in Table 1. Results of these measureménts
ranged from 250,000 to 690,000 which are approximately equivalent to 56 and 150 nCi/g,
respectively. Nine of the fifty measurements obtained exceeded 100 nCi/g, with concentrations
ranging from 110 to 150 nCi/g. ‘-

RADIONUCLIDE CONCENTRATION IN MEDIA AND CORE SAMPLES

The results for surface media samples collected from the concrete floors of Area AE are’
presented in Table 12. All sample results were less than the 100 nCi/g concentration-based
action level. These concentrations ranged from 0.0 to 43 nCi/g.

Five of the ten core samples collected were analyzed by ESSAP. All of the cores analyzed catﬁe
from area AE where the activity was determined to be the highest. A case narrative was '
prepared describing the analytical process used fo determine the radionuclide concentration in
the core samples (ORISE 2004i). The narrative provided in Appendix E, outlines thé
investigation of Am-241 concentrations in each of the core samples. Initial invéstigation

involved non-destructive assay of the cores, rotating the samples equal-distance for each
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counting intervél using two different methodologies. Samples were then'crushed, blended, and
an aliquot of the blended sample measured (ORISE 2004i). Concentrations ranged from 2.0
nCi/g to 1,200 nCi/g. The highest sample was located near column ES in area AE (Figure 15 and
Table 12). |

COMPARISON OF RESULTS WITH GUIDELINES

Survey results were compared with DOE approved site-specific guidelines for the free release of
materials and for areas greater than six feet below final grade. The radionuclide of concern was
weapons grade Pu-239 that had aged 35 years. The below final grade guideline criteria applied |
to floor and lower wall surfaces on the first floor of Building 771. Gamma scans of the floor

identified numerous locations exceeding the field action level. Several locations were removed

and disposed of as radioactive wastes while ESSAP was present at the site. Gamma scan activity
ranged from 2,000 cpm to nearly 700,000 cpm.

Static gamma measurements were collected at 50 ldcations greater than the field action limit of
250,000 cpm. Nine of these locations exceeded the surficial criteria for surfaces greater than six
feet below final grade when converted from cpm to nCi/g (Table 1). The Pu-239 concentration
for the highest of the nine locations (Sample location #39) was estimated at 150 nCi/g (Figure 5). .

All media and core samples were not analyzed because of the limitations on the quantity of
activity allowed in the ESSAP laboratory facility. Analysis of five concrete core samples
identified two that exceeded the volumetric guideline criteria of 7 nCi/g. The radionuclide
concentrations in core samples from locations 001 and 003 were 13 nCi/g and 1,200 nCi/g,
respectively. These two locations were remediated and verified to be less than 250,000 cpm by

-DOE.

Total surface activity meésmeﬁxents were taken on those surfaces that were above the final grade
and could be frec released. The results identified 42 measurements that were above the release
criteria. The measurement location with the highest activity was identified in SU 771041 at

- location 70A (lower column). The activity of the 42 locations ranged from 340 to 13,000
dpm/100 cm?, ‘Based upon these results, five of the SUs selected for verification exceeded the

300 a dpm/100 cm? releasé criteria.
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INTERIM FINDINGS AND RECOMMENDATIONS

During the initial sui'vey efforts by ESSAP in Area AE, a large nﬁmber of locations in excess of
the field action level of 250,000 cpm were identified. To accommodate the accelerated path to
complete work in the building, recommendations were proposed to DOE and K-H that those
areas of elevated activity that were flagged could be further decdntaminated, removed, or
reassessed to verify that areas were less than the 100 nCi/g limit for surface concentration based
on the collection of additional environmental data. Of these options, K-H elected to remove
cbﬁtamination at a number of locations during the verification effort. Collection of additional
environmental data/measurements was also performed to provide better evidence as to the true
nature and extent of contamination present in sﬁrface concrété. Further technical assessment of
surface gamma measurements, based on the analytical results of core samples, determined that

the 250,000 cpm action level was a conservative application of the 100 nCi/g.

The verification effort of SUs on the second floor of the building identified elevated total alpha
‘surface activity well above the maximum alpha guideline criteria of 300 dﬁm/ 100 cm®. Because
of building completion scheduling, ESSAP recommended that additional investigation surveys
be performed to identify a more effective path forward. The vast majority of activity in excess of
the guidelines was identified on the floor surfaces. ESSAP recommended that follow-up surveys
be concéntrated in these areas. There was some indication during the independent verification
that the identified areas of elevated activity were removable (either by tapé press or vacuuming),

* which was an important factor for consideration when developing a follow-up action plan.
FOLLOW-UP ACTIONS

The first floor (Area AF) floor was re-scanned (100%) with the FIDLER due to the number of
elevated results identified by ESSAP. Additional measurements were collected within the
contiguous square meter at six locations that were identified to be in excess of 250,000 cpm to
verify that the average activity over the square meter was less than 250,000 cpm. The square-
meter averages at all six locations were confirmed to be less than 250;000 cpm, and therefore, no A

additional follow-up actions were needed.
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In-situ gamma-spectroscopy surveys Were also performed at two other areas of elevated activity
(411,000 cpm and 500,000 cpm) to confirm that the actual surface concentration was less than
100 nCi/g. The results of measurements taken at these two locations were 53 nCi/g and 30
nCi/g. - |

Finally, as a best management practice, any areas of elevated activity (i.é., greater than 250,000
cpm) were remediated by surface scraping or saw cutting. This practice was highly successful in’

reducing the quantity of radioactivity to permissible levels.

The contractor took several steps to resolve the issues identified by ESSAP during the

independent verification that were impeding the progress of successfully decommissioning the

~ RFETS. Surveys were pérformed at the areas of elevated removable activity identified by

ESSAP. The areas were then vacuumed by K-H and resurveyed to confirm the elevated activity
had been removed. This proactive application proved successful for all areas of elevated

activity.

Based on these results, the contractor recognized that the isolation controls previously

established to prevent the spread of contamination from “hot” areas of the building to areas that

" had been surveyed for unrestricted release were not well marked, understood, or enforced.

Specifically, workers and equipment were moving through areas of identified fixed
contamination into areas previously surveyed. This lack of isolation control of the areas resulted
in the spread of contamination into “clean areas after the completion of the final status survey.
The fact that the vast majority of thé “hot-spots™ were identified on the floor surfaces further
corroborated this finding. ' ‘

As follow—ub actions needed to institute improved isolation controls, K-H implemented several
corrective actions. The isolation boundaries around the areas of fixed contamination were
greatly enhanced and the level of traffic on the second floor was greatly reduced. All portions of
the second floor required to meet the surface contamination limits were vacuumed as this method

had been proven to be highly effective at removing these newly deposited hot-spots.

Lastly, to verify that the combination of enhanced isolation controls and vacuuming were

effective, a quality assurance survey of an approximate 100 m? area was 'performed around the
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stairwell opAening near the west wali. ‘The survey was intentionally biased to this location as it |
falls in the path of the heaviest fbot traffic and is downwind of .the large area of fixed
contamination. The results of this quality assurance survey demonstrated that the contamination
levels in this area were compliant with the surface contamination limits to support this important

decommissioning project.

CONCLUSION

A team with the Environmental Survey and Site Assessment Program (ESSAP) conducted in-
process verification surveys in Building 771 during the periods between July 27 through August
2 and August 19 through August 26, 2004. ESSAP was notified by the U.S. Departmentof
Energy that Kaiser Hill Company, L.L.C had completed the pre—démolition phase of Class 1 and
Class 2 areas and was feady for verification. ESSAP also performed in-process surveys of the

~ first-floor survey areas that were specified to remain at greater than six feet below final grade (as

speciﬁed in the DOP). Based on the follow-up actions performed by the contactor to resolve the
issues identified by ESSAP during verification efforts, the Building 771 structure meets the
applicablé guideline criteria, with the éxcepﬁon of the areas that were identified to be removed
and packaged as radiological waste. |
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Gamma Activity Measurement Locations

Rocky Flats Closure Project 22 v 0967\ch_61-8\2005-11-21 Final Rep RFETS 771/774 Closure Proj




967-004 (4)

- [ ] N S )
408
] [] A = [ A - [ ] s
. T 328 A 368 - #R
448
P
3B A A
] - [ | 3%3 [] | . Tm ' L] TJ N
- | ; 41B
b - ] ] A - ] L
34B
A
468
[ - - - 428 u - [
T 358 388 A A !
A A
43B
b ] n [ [ A " I‘4.’B G
[ ] [ ] [ [] - F
b ] ] » ] [ ] E
398
A
] [ ] [ ] n [ aD
b - n [ ] ] [ ] [] C
J ] ] [] [ ] ] [ ] B
L - | - | . ] i e S # A
1 2 3 4 s 6 7 8
N
MEASUREMENT/SAMPLING R
LOCATIONS
‘ # SINGLE-POINT
UPPER WALLS AND CEILING
NOT TO SCALE

FIGURE 6: Building 771, First Floor, Arca AE (Upper Walls and Ceiling)
Measurement Locations

Rocky Flats Closure Project .23 0967\Reports\2005-1 1-21 Final Rep RFETS 771/774 Closure Proj




967-010 (2)

H [ ] [ ] - -
o 5 _I—
F _r— — — 598 4 -
E A [} [ [ [ ] ’
SIB
D# a = [} | ] | | [ - ﬁ
C » [] [ ] - = [ ] -
- - - & - [ § [ ]
A J-—r - - - —t
g8 9 10 1 12 13 14 15
N
MEASUREMENT/SAMPLING
- LOCATIONS t,
A #SINGLE-POINT
UPPER WALLS AND CELLING
NOT TO SCALE
FIGURE 7: Building77'1,pixstmoor,mAF(Upper'WansandCcmng)

Megsuremcnt Locations

" Rocky Flats Closure Project

‘24  0967\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




967-006 (4)

NORTH WALL

44A 45A :
A oA : ‘ A A “rA
75A :
81A .
n A - r u u N
39A 34
’ 3a A
77IA
adA® A
— — - & L
3 4 5 6 7 8
MEASUREMENT/SAMPLING . .
~ LOCATIONS : ’ ’ it
Y # SINGLE-POINT
LOWER WALLS AND FLOOR
A #SINGLE-POINT ,
UPPER WALLS AND CEILING - 0 FEET 30
METERS 10
FIGURE 8: Building 771, Second Floor, Survey Unit-77 1038, Area AH -
Measurement and Sampling Locations

Rocky Flats Closure Project - o 25 * 096T\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




967-005 (4)

R
N
L
]
J
G
F
E
Door 23
ACCESS .
D ) . Area Below 6' l
) Final Grade
I~ <
C 49A @
R d - . . . N
MEASUREMENT/SAMPLING
. ’ LOCATIONS gl
® # SINGLE-POINT
LOWER WALLS AND FLOOR
A f SINGLE-POINT ‘ A
UPPER WALLS AND CEILING
o .  FEET 30
0 METERS 10
FIGUREY: Building 771, Second Floor, Survey Unit-771039, Area AH -
Measurement and Sampling Locations

Rocky Flats Closure Project 096 \2005-11-21 Final RFETS 771/774 Closure Proj
_ | 26 . !




967-008 (1)

N
MEASUREMENT/SAMPLING
LOCATIONS Jle.

@ #SINGLE-POINT

LOWER WALLS AND FLOOR

# SINGLE-POINT
A UPPER WALLS AND CEILING 0 FEET 4

O MErms 1

" FIGURE 10: Building 771, Second Floor, Survey Unit-771040, Arca AH-
Measurement and Sampling Locations

Rocky Flats Closure Project 27  0967\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




967-007 (2)

) N
MEASUREMENT/SAMPLING
LOCATIONS O -
@ ! SINGLE-POINT ,
LOWER WALLS AND FLOOR
# SINGLE-POINT FEET
A UPPER WALLS AND CEILING 0 3!0
0 METERS 10
FIGURE 11: Building 771, Second Floor, Survey Unit-771041, Area AH-

Measurement and Sampling Locations

Rocky Flats Closure Project

28  0967\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




967-016 (3)

c - u - - a _——n - a - - - =
B ] -AZOA - - . - - w = ™ - - x]JA - -
16A 15A
21A altA A A 14A Alla
‘19A 12A
17A A
A e ’ | a a. Y - - h -
2 3 4 s 6 7 - l § - 10 11 12 13 14 15

771043
N
MEASUREMENT/SAMPLING
LOCATIONS , =
A # SINGLE-POINT
UPPER WALLS AND CEILING
. NOT TO SCALE

FIGURE 12: Building 771, Second Floor, Survey Unit-771043, Area AH -
Measurement and Sampling Locations

Rocky Flats Closure Project . . 29 0967\Rnpor1§\2005-11-2l Final Rep RFETS 771/774 Closure Proj




967003 (5)

N
MEASUREMENT/SAMPLING ok
LOCATIONS
@ SINGLEPOINT
LOWER WALLS AND FLOOR
A SINGLE-POINT : , FEET
UPPER WALLS AND CEILING } 0 30
‘! METERS

FIGURE 13: Building 771, Second Floor - Survey Unit 771044

Rocky Flats Closure Project 30  0967\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




967-009 (3)

=

z

[

N
MEASUREMENT/SAMPLING
LOCATIONS S
i 73

® # SINGLE-POINT

LOWER WALLS AND FLOOR
A # SINGLE-POINT

UPPER WALLS AND CEILING Not to Seal

FIGURE 14: Building 771, Second Floor, Survey Unit-771076, Area AH-
Measurement and Sampling Locations

Rocky Flats Closure Project 31  0967\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




967-018 (1)

771033
4

~.'77no4 ! : BM30
u - - - - - - L -—r .- o= - - - U
) 771034 ' I
T . om - - - - - n = - - - - - ‘= T
i M29 ' » M39
S ¢ - - - -_J'— w— —'1_— - . - L] - - - B8 S &
R r—_ﬁ—x—T—'—r —_— - ™ - I T71075 M3I
M1 aM21

N - » a M20 » - .- )
l monz -D e e e Y
L - - - - - .Mzs M38 '
mx .Mzz - - - - - -’ - K
2 .
- |
mM19 M4 T71074 = - - - - - H
G - - - - - = M23 — ]
M13 M27
3 ._ - - - - f - . - - —_— s S —I_. - F
Mi8 ol _Jl_ M7
Ml
E - W8 My, __1_1—;; - ;9. e« = = = |{E
771073 - 33
D - [ ] —l—— - mM24 -m6 - - - - - - D
Mi4
M36 m

B -
| BMiS5 mM25 M34.
—A -IJ - .Ml-6 - [ ] - — = -xMG- ?5 A
1 2 3 4 5 6 7 g8 9 10 n 12 13 14 15 16
N4
MEASUREMENT/SAMPLING :
LOCATIONS L
I SURFACE MEDIA
3 CORE
NOT TO SCALE

FIGURE 15: Building 771, First Floor (Areas AE and AF) - Core and Surface
Media Sample Locations

Rocky Flats Closure Project 32 0967\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




TABLES

Rocky Flats Closure Project 0967\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




TABLE 1

GAMMA SURFACE ACTIVITY MEASUREMENTS AND
VOLUMETRIC CONCENTRATIONS
_ BUILDING 771 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
Location* FIDLER Result (cpm) Conce‘nizg)sng (ﬁCi/ P
1 260,000 - 59
2 360,000 ' 80
3 280,000 . 62
4 320,000 71
5 © 260,000 57
6 250,000 , 56
7 260,000 57
8 250,000 | 56
9 270,000 61
10 600,000 130
11 260,000 | 59
12 440,000 . 98
13 290,000 . 65
14 270,000 . 60
15 520,000 : 120
16 290,000 Nk 65
17 260,000 58
18 290,000 , 65
19 370,000 | 83
20 250,000 56"
21 270,000 62
22 250,000 . - 56
23 270,000 60
24 330,000 4 74
25 250,000 o 56
26 490,000 | 110
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TABLE 1 (Continued)

GAMMA SURFACE ACTIVITY MEASUREMENTS AND
VOLUMETRIC CONCENTRATIONS
BUILDING 771 CLOSURE PROJECT

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

' GOLDEN, COLORADO
Location® " | FIDLER Result (cpm) Concentllt:t-izo?(nCi/ o)
27 320,000 n
28 - 360,000 » 81
29 320,000 - | 72
30 " 490,000 ‘ 110
31 ‘ 520,000 120
32 _ 390,000 86
33 | 540,000 120
4 480,000 © 110
35 340,000 76
36 290,000 - 64
37 . . 300,000 : - 66
38 400,000 : 88
39 690,000 150
40 390,000 . 86
41 640,000 140
42 330,000 73
43 310,000 69
44 280,000 63
45 . 410,000 91
46 300,000 ’ 68
47 330,000 73
48 330,000 _ 73
49 270,000 . 60
50 260,000 , 58

*Refer to Figure 5. .
*Calculated based on assumptions in Rocky Flats Calculation Number 05-RS-000.

)
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TABLE 2

TOTAL AND REMOVABLE ALPHA ACTIVITY MEASUREMENT RANGES
BUILDING 771 CLOSURE PROJECT

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

oo | ey | gamm | S | mone | wiichly | e | Gt
Measur_ements >300 dpm/100 cm® | 300 dpm/100 cm? (dpov/100 cm?) | (dpm/100 cm’)
Ceiling | AE 1 16 N/A 0 910230 Oto7
Ceiling | AF 1 15 N/A 1(0)° 0to410 0to5
771038 | AH 1 23 7(6)° 20 62 to 5,000 Oto5
771039 | AH 1 21 7 74 58 t0 9,600 0103l
771040 | AH 1 15 0 0 4310270 0to11
771041 | AH 1 16 7 2010 43 to 13,000 01035
771043 | AH 2 11 N/A 0 -14 10 200 0to3
771044 | AH 1 15 2 10 650 1,700 0t 16
771076 | AH 1 15 6 1(0)° 4310 5,500 0to3

" faig 3mSOL) pL/1LL SIFN 0o YR LTO1-S00TWUOHINS60  QF

“Refer to Figures 6-14.

“Value in parenthesis accounts for the diffcrences in calibration methods between ESSAP and Kaiser-Hill




 TABLE 3

SURFACE ACTIVITY LEVELS
SURVEY AREA AE, CEILING
BUILDING 771 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
Measurement ESSAP Total Alpha Act:vnty Total Alpha Removable Activity
. Location" (dpnv/100 cm?)® (dpm/100 cm )
32B - 18 3
33B 120 0
34B 44 0
'35B 97 3
36B 62 0
37B . 44 0
38B 71 1
39B 110 0
40B 9 0
41B ' ' .n 0
42B 62 0
43B 160 0
44B 230 7
45B | 62 0
46B - 110 1
47B 110 0

_ *Sece Figure 6.
ESSAP alpha activity obtained b using a 126 cnt’ gas pmporhmal detector. The alpha eﬁ'mcncy is determined in accordance with the ESSAP

procedure based on ISO-7503.
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TABLE 4

SURFACE ACTIVITY LEVELS
SURVEY AREA AF, CEILING
BUILDING 771 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement ESSAP Total Alpha Actlvxty Total Alpha Removable Activity
Location® (dpm/100 cm’)® (dpm/loo cm’)
48B | 160 0
49B 9 0
50B 53 1
SIB 180 1
52B 9 0
53B 300 0
54B 44 1
35B 35 1
56B 79 1
57B 62 . 0
58B : 53 0
59B - 410 5
-~ 60B - 44 0-
61B ' 97 0
62B 0 0
3See Figure 7. )

YESSAP alpha activity obtained using & 126 cw? gas proportional detector. The alpha efficiency is deu:nmned in accordance with the ESSAP
procedure based on ISO-7503.
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TABLES

- SURFACE ACTIVITY LEVELS
SURVEY AREA AH, SURVEY UNIT 771038
BUILDING 771 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
Measurement ESSAP Total Alpha Actmty Total Alpha Removable Activity
Location® A (dpm/100 cm?)® (dpm/100 cm?)
36A 71 . 1
37A - 120 3
38A ’ 780 0
39A 190 3
" 40A 7 1
41A ' 200 1
QA 160 5
43A 71 1
44A ~ 71 - 1
45A ' 97 3
46A | 62 0
47A 190 0
48A 4 ' 220 0
72A ‘ 1,900 3
73A 1,500 1
74A = 580 0
75A 4,100 1
76A - 5,000 0
- TIA 1,000 1
T8A 1,500 0
79A 250 5
80A 340 1
81A ’ 72 . 1
*Sec Figure 8.

YESSAP alpha activity obtained using a 126 cm? gas pmporhonal detector. The alpha cﬂicxency is determmed in accordance with the ESSAP
procedure based on ISO-7503.
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TABLE 6

SURFACE ACTIVITY LEVELS
SURVEY AREA AH, SURVEY UNIT 771039 -
BUILDING 771 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement ESSAP Total Alpha Activity Total Alpha Removable Actmty
Location® (dpm/l 00 cm?)® (dpmllOO cm’)

22A 79 3
23A 58 0
24A 120 0
25A 200 0
26A 79 3
27A 72 0
28A 94 0
49A 650 . 1

S0A 370 0
S1A 580 1

52A 660 0
53A 840 18
S4A 1,500 0
SSA 510 0
56A 1,300 0
STA | 840 1

S8A 2,800 0
59A 1,700 1

60A 9,600 0
61A 1,800 7
62A 920 31

%S?Ps‘:;:a activity obtained using a 126 cm? gas proportional detector. The alpha efficiency is determined in accordance with the ESSAP
procedure based on ISO-7503.
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TABLE 7

SURFACE ACTIVITY LEVELS
SURVEY AREA AH, SURVEY UNIT 771040
BUILDING 771 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
Measurement ESSAP Total Alpha Actwnty Total Alpha Removable Actmty
Location" . (dpm/100 cm®)® (dpm/l 00 cm?)
2B 120 0
3B : ' 220. 1
4B 200 0
5B 110 0
6B _ 72 . 0
7B - 43 0
8B 94 0
9B 120 0
10B 160 11
11B 100 0
12B T 200 1
13B . 270 0
14B 180 0
15B - 140 0
16B 220 0
*See Figure 10.

PESSAP alpha activity obtained using a 126 en® gas proportional detector. The alpha efficiency is determined in accordance with the ESSAP
procedure based on ISO-7503. .
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TABLE 8

SURFACE ACTIVITY LEVELS
SURVEY AREA AH, SURVEY UNIT 771041
BUILDING 771 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
~ Measurement ESSAP Total Alpha Actmty Total Alpha Removable Activity
Location® (dpm/100 cm ) - (dpm/100 cm?)
29A © 100 1
30A 43 1
31A 130 - 0
32A 87 0
334 79 0
34A - 72 0
35A 120 0
63A ‘ 3,100 1
64A 1,200 -0
65A ‘ 1,700 1
66A : 3,100 1
67A 2,900 1
68A 1,600 0
69A 710 0
70A 13,000 35
71A 410 0
*Sec Figure 11,

*ESSAP alpha activity obtained using a 126 cm?’ gas propomoml detector. Thc alpha efficiency is dewmunod in accordance with the ESSAP
procedure based on ISO-7503. . .
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TABLE 9

: SURFACE ACTIVITY LEVELS
- SURVEY AREA AH, SURVEY UNIT 771043
- BUILDING 771 CLOSURE PROJECT
. ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Mormrement | ESSAPToul Mgk Aty | pmoraie Ac
_ ‘ (dpm/100 cm’)

11A 180 - 0

12A | 22 0

13A 94 0

14A 29 0

15A 120 0

16A 1 200 0

17A | 65 0

18A - -7 3

19A -14 0

20A B -14 0

21A 43 1

*Sec Figure 12. .
ESSAP alpha activity obtained using a 126 cm’ gas proportional detector. The alpha efficiency is determined in eccordance with the ESSAP

procedure based on ISO-7503.

Rocky Flats Closure Project 43 0967\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




TABLE 10

SURFACE ACTIVITY LEVELS
SURVEY AREA AH, SURVEY UNIT 771044
BUILDING 771 CLOSURE PROJECT _
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
Measurement ESSAP Total Alpha Activity | Total Alpha Removable Activity
Location® (dpm/100 cm?)® _ (dpny/100 cm?) *
17B : 1,000 0
18B - 1,700 0
19B , 220 3
20B 65 0
2IB 250 0
22B 120 0
23B 170 0 -
24B ’ - 100 0
25B ' 300 16
. 26B : 350 3
27B . 190 3
28B 210 3
29B : 190 1
30B 170 1
31B 270 0

*See Figure 13.
*ESSAP alpha activity obtained using a 126 cm? gas proportional detector. The alpha cfficiency is determined in accordance with the ESSAP

procedure based on ISO-7503.
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TABLE 11

* SURFACE ACTIVITY LEVELS
SURVEY AREA AH, SURVEY UNIT 771076
BUILDING 771 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
Measurement | ESSAP Total Alpha Activity | Total Alpha Removablé¢ Activity
Location® (dpny/100 cm?)® J (dpn/100 cm?)

82A 4,300 B 0
83A | 4,400 | | 1
84A | 2,200 0
85A 680 0

- 86A . 1,200 1
87A - 5,500 0
88A - 170 1
89A ' 320 1
90A 200 1
91A 220 3
92A 43 1
93A 220 1
94A 250 3
95A : 43 1
1B 240 0

*See Figure 14. ) .
. *ESSAP alpha activity obtained using a 126 cm? gas proportional detector. The alpha efficiency is determined in accordance with the ESSAP

procedure based on ISO-7503.

Rocky Flats Closure Project o 45  096TReports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




TABLE 12

CORE AND RADIONUCLIDE CONCENTRATIONS IN

AREA AE MEDIA SAMPLES
BUILDING 771
'ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
- GOLDEN, COLORADO
asured Calculated Total Estimated
Sample* %’f:‘ me-‘zl«ru | Pu-239 | Am-241+ Pu-239
Location (cpm) Concenfration Concen.tra:ion Concell.traction
(pCi/g) (pCi/g) (nCi/g)
-0967MO0001 ) 1,880+ 120 11,000 13
0967M0002 303 + 20 1,700 2.0
0967M0003. 172,000 + 10,000 980,000 1,200
0967M0004 |  <-- 46.0 £ 4.0 260 0.31
0967M0005 922457 5,300 6.2
0967M0011 | 3,500 4.45 +0.28 25 0.03
| 0967M0012 | 23,000 34119 1,900 2.3
0967M0013 | 220,000 3,780 % 320 22,000 25
| 0967M0014 | 210,000 6,410 + 530 37,000 . 43

0967M0015 | 3,400 447034 25 0.0
0967M0016 | 29,000 717+ 41 4,100 4.8
0967M0017 | 13,000 310+ 18 1,800 2.1
0967M0018 | 180,000 4,100 + 350 23,000 28

0967M0019 | 3,400 0.52+0.12 3.0 3.5
0967M0020 | 3,300 0.48 £ 0.09 2.7 3.2
0967M0021 | 3,200 0.28 £ 0.05 1.6 1.9
0967M0022 | 3,300 0.30+0.06 1.7 2.0
0967M0023 | 3,300 0.53 £ 0.07 3.0 3.6
0967M0024 | 3,400 1.62+0.13 9.2 11
0967M0025 | 3,100 0.69 £ 0.06 3.9 4.6

*Refer to figure 15. ' '

®Calculated using 5.7 rnultlphcr for assumed Am-241/Pu-239 ratio as determined from ORISE analysis.

“Presented in nanocuries per gram for direct comparison to 100 nCi/g limit (surface sampls)
4_Corc sample locations, surface gamma measurements not collected -
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APPENDIX A
MAJOR INSTRUMENTATION

The display of a specific product is not to be construed as an endorsement of the product or its
manufacturer by the author or employer.

INSTRUMENT/DETECTOR COMBINATIONS -

Gamma

" Ludlum Ratemeter Scaler

Model 2221

(Ludlum Measurements, Inc.,
Sweetwater, TX)

coupled to

BICRON Nal Scintillation Detector

- Model G5 FIDLER

(Bicron Corporation, Newburg, OH)

Alpha

Ludlum Ratemeter-Scaler Model 2221

coupled to

Ludlum Gas Proportional Detector Model 43-68, Physical Area: 126 cm?
(Ludlum Measurements, Inc., Sweetwater, TX) _

Ludlum Floor Monitor Model 239-1

" combined with : N

Ludlum Ratemeter-Scaler Model 2221

" coupled to

Ludlum Gas Proportional Detector Model 43-37, Physical Area: 550 cm®
(Ludlum Measurements, Inc., Sweetwater, TX)

Ludlum Ratemeter-Scaler Model 2221
coupled to

- Ludlum Alpha Scintillation Detector Model 43-89 or 43-90, Physxcal Area: 100 cm®

(Ludlum Measurements, Inc., Sweetwater, TX)
LABORATORY ANALYTICAL INSTRUMENTATION
Low Background Gas Proportional Counter

Model LB-5100-W
(Canberra/Tennelec, Oak Ridge, TN)
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LABORATORY ANALYTICAL INSTRUMENTATION (CONTINUED)

Alpha Spectrometry System
Tennelec Model 256
(Canberra, Meriden, CT)
Used in conjunction with:
Ion Implanted Detectors

(Canberra, Meriden, CT) and
Multichannel Analyzer

DEC ALPHA Workstation
(Canberra, Meriden,CT)

Alpha Spectrometry System
Canberra Model 7401VR
(Canberra, Meriden, CT)
Used in conjunction with:
Ion Implanted Detectors and
Multichannel Analyzer
DEC ALPHA Workstation
" (Canberra, Meriden, CT)

High Purity Extended Range Intrinsic Detector
CANBERRA/Tennelec Model No: ERVDS30-25195
(Canberra, Meriden, CT)

Used in conjunction with:

Lead Shield Model G-11

(Nuclear Lead, Oak Ridge, TN) and

Multichannel Analyzer

DEC ALPHA Workstation

(Canberra, Meriden, CT)

High Purity Extended Range Intrinsic Detector
Model No. GMX-45200-5

(EG&G ORTEC, OAK RIDGE, TN)

used in conjuction with: ’

Lead Shield Model SPG-16-K8

(Nuclear Data)

Multichannel Analyzer

DEC ALPHA Workstation

(Canberra, Meriden, CT)
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APPENDIX B -

SURVEY AND ANALYTICAL PROCEDURES

PROJECT HEALTH AND SAFETY

A walkdown of the project area was performed to evaluate the survey areas for potential health

R Aand safety issues that may not have been identified by the site. Additionally, the proposed survey
and sampling procedures were evaluated to ensure that any hazards inherent to the procedures
themselves were addressed in applicable job hazard analyses (JHAs). The procedures entailed
minimal potential hazards that were currently addressea in ESSAP JHAs.

Personnel adhered to the site health and safety requirements. Project training requirements were
met prior to entry into the survey areas. General employee radiological tfainfng for site access
was completéd and the IV team completed beryllium worker qualification, including on-site
physical, chest x-ray, and classroom lecture. In addition, the IV team received building specific
entry and safety requirements. Conﬁrmatc;ry survey activities were conducted in areas that were
not downposted for radiation or beryllium contamination and site dosimetric considerations were

applicable.

QUALITY ASSURANCE

Analytical and field survey activities were conducted in accordance with procedures from the

following documents of the Environmental Survey and Site Assessment Program:
. Survey Procédures Manual (September 2004)
. Laboratory Procedures Manual (August 2004).

. Quality Assurance Manual (August 2004)

The procedures contained in these manuals were developed to meet the requirements of

- Department of Energy (DOE) Order 414.1C and the U.S. Nuclear Regulatory Commission
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{

Quality Assurance Manual for the Office of Nuclear Material Safety and Safeguards and contain

measures to assess processes during their performance.

Quality control procedures include: _

. Dé,ily instrument background and check-source measurements to Jconﬁrm that equipment
operation is within acceptable statistical fluctuations.

. Participation in MAPEP, NRIP, and ITP Quality Assurance Programs. .

. Training and certification of all individuals performing procedures.

. Periodic internal and external audits.

Calibration

Calibration of all field and laboratory instrumentation was based on standards/sources, traceable
to NIST, when such standards/sources were available. In cases where they were not available,
standards of an industry recognized organization were used. Instrumentation had to be re-
calibrated once at the site because of the effect of altitude on detection capability.

- Detectors used for assessing surface activity were calibrated in accordance with ISO-7503"
recommendations. The total efficiency (€ya) Was determined for each instrmﬁcnt/dcte’ctor
combination and consisted of the product of the 2x instrument etﬁciency (€;) and surface

efficiency (€;): €1 = €; % €

The alpha calibration efficiency for detectors used.for the project, calibrated to Am-241 was
| typically between 0.10 and 0.11. The alpha calibration source was selected based on the alpha
energy distribution of the radionuclide of concern. 1SO-7503 recommends an €; of 0.25 when
measuring alpha emitters and beta emitters with a maximum energy of less than 0.4 MeV and a
€s0f 0.5 for maximum beta energies greater than-0.4 MeV. Calibration source emission‘fatés' '

were corrected for geometry when the sources used were smaller than the detector window area.

'International Standard. 1SO 7503-1, Evaluation of Surface Contanﬁhation - Part 1: Beta-emitters (maximum beta
energy greater than 0.15 MeV) and alpha-emitters. August 1, 1988.
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The gamma calibration efficiency for the FIDLER detector was determined to ISO-7503
recommendations. A NIST traceable Am-241 calibration source (maximum gamma energy of
59.5 KeV) was used to develop the optimal instrument efficiency using a 4 & source activity.
The calculated €44 raﬂged between 0.08 to 0.11, depending on the detector. The calibration
source emission rates were corrected for geometry when a source larger than the defector was
used.

SURVEY PROCEDURES

" Surface Scans

Surface scans were performed by passing the detector slowly over the surface; the distance
between the detectors and surface was maintained at a minimum, nominally about 1 cm. A large
\

surface area (600 cm?) gas proportional floor monitor was used to scan the floors in the low-bay

-area, Other surfaces were scanned using a small area 126 cm? hand-held proportional detector or

a 100 cm? dual phosphor detector. Areas greater than six feet below final grade were scanned
using a low energy photon FIDLER detector with a detector area of 127 cm’. Identification of

elevated levels was based on increases in the audible signal from the recording and/or indicating -

instrument. Finally, the use of a 100 cm? hot spot size allows the calculation of alpha scan MDC

in units of dpm/100 cm?.

In considerihg an evaluation of the scan MDC for Pu-239 on a concrete siab, a scan speed of 3
cn/s is assumed such that a residence time of 3.33 seconds is maintéined over the contamination.
Typically, an instrument efficiency is assuihc‘d to be 0.44 and the surface efficiency is 0.25
accordiné to ISO-7503. The scan MDC is based on a 90% probabilitir of detecting one count:
Using these parameters this equation yields a scan MDC of 380 dpm/a_rea depicted as follows:

[- n(1 - 0.9)] 60
(0.44)0.25)3.33)

~ascan MDC = = 380 dpm/100 cm’
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For backgrounds greater than zero, e.g., 1 to 3 cpm, the calculational approach and scan MDC
result are still valid, however, it is at the expensé of an increased false positive rate. That is, the
surveyor will be more likely to mistake background as contamination. For background cé\mt
rates on the order of 5 to 10 cpm, a single count should not cause a surveyor to investigate

furthcr; primarily because there would be an inordinate amount of false positives.

Specific scan MDCs for the Nal scintillation detector for the radionuclide mixture in concrete
were not determined as the instrument was used solely as a qualitative means to identify elevated
‘gamma activity however, MDCs for radionuclides in the concrete would approximate those |
contained in NUREG-1507.

Surface Activity Measurements

Measurements of total surface activity levels were primarily performed using gas proportional
detectors with portable ratemeter-scalers. Surface activity measurements were performed on
upper room surfaces, some equipment, and at locations of elevated direct radiation, using gas

proportional detectors with ratemeter-scalers.

Gamma surface activity measurements were performcd using the FIDLER detector. A _
Microshield™ program calculation was performed based upon calibration variables and detector
attributes to determine a field action level. The result calculated a field action level of 250,000

cpm that was used to conduct additional investigation.
Count rates (cpm), which were integrated over one minute with the detector held in a static
position, were converted to activity levels (dpm/100 cm?) by dividing the net rate by the total

efficiency (€ix€;) and correcting for the active area of the detector.

Because different building materials (poured concrete, brick, wood, steel, etc.) may have

different bacléground levels, averagé background count rates were determined for each material
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encountered in the surveyed ar€a at a location of similar construction and having no known

‘radiological history.

Gamma count rates were integrated over one minute using the FIDLER. Count rates (cpm) were
converted to nanocuries per gram (nCi/g) using the following equation:

_ com | (12787 ) (  nGCi i
£r % £, % 127cm’ w 2220dpm)  Am

where:.

er = Total Efficiency = 0.08
&= Attenuatlon Correction Factor for Painted Surfaces = 0 679

W = Volume * Density of Concrete = 127cm? * 1 cm* 2, 35 g/em®=298.45g
Note: Volume is calculated as physical detector area x DCGL depth

8 = ratio of Pu-239 to Am-24l for 35-year old WGP

Removable Activity Measurements

Removable gross alpha and gross beta activity levels were determined using numbered filter
paper disks, 47 mm in diameter. Moderate pressure was applied to the smear and approximately
100 cm® of the surface was wiped. Smears were placed in labeled envelopes with the location

and other pertinent information recorded.

Miscellaneous Sampling

Concrete cores were taken using a mechanical hole saw to a mmlmum depth of six inches. "
Concrete samples were taken by chipping material from approximately 100 cm? of surface. The A
samples were then placed in a plastic bag or other appropriate contamer, sealed, and labeledin
accordance with ESSAP survey procedures
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ANALYTICAL PROCEDURES

Gross Alpha X ' |
Smears were counted on a low-background gas proportional system for gross alpha activity.

Typical MDCs of the procedure were 9 dpm/ 100 cm? for gross alpha and 15 dpm/100 ¢m? for
gross beta. '

Alpila Spectroscopy .

- Samples were crushed and homogenized and dissolved by potassium fluoride and pyrosulfate
fusion and the elements of interest were precipitated with barium sulfaté. Barium sulfate
precipitate was re-dissolved and the specific element of interest—isotopic plutoniuni—was ‘

~ individually separated by extraction chromotography and re-precipitated with a cerium fluoride
l ~ carrier. The precipitate was then analyzed using ion implanted detectors (Canberra), alpha
spectrometers (Tennelec and Canberra), and a multichannnel Analyzér (Canberra). The typical

MDC of the procedure for a 1000 minute count time is 0'02. pCi/g (solids).

" Uncertainties and Detection Limits

The uncertainties associated with the analytical data presented in the tables of this report
represent the 95% confidence level for that data. These uncertainties were calculated based on

- both the gross sample count levels and the associated background count levels.

Detection limits, referred to as minimum detectable concentration (MDC), were based on 3 plus
4.65 times the standard deviation of the background count [3 + (4.65 VBKG )]. Because of
variations in background levels, measurement efficiencies, and contributions from other
radionuclides in samples, the detection limits differ from sample to sample and instrument to

instrument.
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APPENDIX C

RESIDUAL RADIOACTIVE MATERIAL GUIDELINES
SUMMARIZED FROM DOE ORDER 5400.5 (DOE 1990)

BASIC DOSE LIMITS

The basic dose limit for the annual radiation (excluding radon) received by an individual member
of the general public is 100 mrem/yr. In implementing this limit, DOE applies as low as
reasonably achlcvable principles to set s1te-spemﬁc guidelines. ‘

~ SURFACE CONTAMINATION GUmELINEs
Allowable Total Residual Surface Contamination

| (puv/100 omd)' |

Radionuclides® - ' Average™  Maximum® ' Removable®”
Transuranics, Ra-226, Ra-228, 100 300 - 20
Th-230 Th-228, Pa-231, Ac-227, ' ,

1-125,1-129

Th_Natural, Th-232, Sr-90, 1,000 3,000 200
Ra-223, Ra-224, U-232, -
I-126, 1-131, I-133
U_Natural, U-235, U-238, and 5,000 15,000 . 1,000
associated decay products ‘ :

Beta-gamma emitters (radionuclides ‘ 5,000 15,000 1,000

with decay modes other than
alpha emission or spontaneous
fission) except Sr-90 and others
noted above
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*As used in this table, dpm (disintegrations per minute) means the rate of emission by radicactive material as
determined by correcting the counts per minute measured by an appropriate detector for background, efficiency,
and geometric factors associated with the instrumentation,

PWhere surface contamination by both alpha- and beta-gamma-emitting radionuclides exists, the limits established
for alpha- and beta-gamma-emitting radionuclides should apply independently.

- ®Measurements of average contamination should not be averaged over an area of more than 1 m’. For objects of less
surface area, the average should be derived for each such object. :

“The average and maximum dose rates associated wifh surface contamination resulting from beta-ganuna emitters
should not exceed 0.2 mrad/h and 1.0 mrad/h, respectively, at a depth of 1 cm. .

°The maximum contamination level applies to an area of not more than 100 cm?,

*The amount of removable radioactive material per 100 cm’ of surface area should be determined by wiping an area
of that size with dry filter or soft absorbent paper, applying moderate pressure, and measuring the amount of
radioactive material on the wipe with an appropriate instrument of known efficiency. When removable
contamination on objects of surface area less than 100 cm? is determined, the activity per unit area should be based
on the actual area and the entire surface should be wiped. The numbers in this column arc maximum amounts.
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APPENDIX D

SELECTED SECTIONS OF BUILDING 771/774 CLOSURE PROJECT
CHARACTERIZATION PLAN FOR
AREAS GREATER THAN SIX
FEET BELOW FINAL GRADE
FINAL
- 11/14/03
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INTRODUCTION

This Chafactqization Plan identiﬁcs the characterization and verification approach for portions
of Building 771/774 that contain fixed areas.of contamination. As stated in the 771 Closure
Project Decommissioning Operations Plan Modification 5 (DOP), the objective of this
characterization plan is to ensure that the nature and extent of contamination is 'adequatcly
defined and that the xhaterial that will be left in place is consistent with the framework for
contaminated soil. The areas that have not been decontaminated to the unrestricted release
criteria and will remain in plabé after backfilling will be characterized in accordance with this
project-specific characterization package prepared in accordance with the Decontamination and
Decommissioning Characterization Protocol and the Industrial Area Sampling and Analysis
Plan. The slab and structure within 0 to 6 feet of the final proposed grade will be
decontaminated to the unrestricted release criteria and 0 to 3.5 feet will be removed -during
demolition. The Building 771/774 slab and structure below 6 feet of the final proposed grade
will be deconta’minated to ensure that it will not exceed 7 nCi/g (over depth of volume) and/or
100 nCi/g (surface). The described characterization methods are based on the Data Quality
Objectives of the Industrial Area Sampling and Analysis Plan (IASAPY(DOE 2001a).

- 1.0 EXISTING CHARACTERIZATION INFORMATION

The contaminant of concern in Building 771/774 is weapons-grade plutonium, which consists
primarily of Pu-239/240 and Am-241 (which is present as a result of ingrowth from the decay of
Pu-241). These three isotopes represent over 98% of the total activity per gram of WGP. Other
incidental radionuclides were utilized for various processes in Building 771 and 774, including
enriched and depleted uranium, and mixed fission products (MFP). However, a review of the in-
situ gamma-spectroscopy data did not indiéate the presence of the associated radioisotopes on
structural surfaces (refer to Attachment A). ‘

The locations of the existing random in-situ data were selected per the requirements of RSP-
09.09, Radiological Characterization of Low Specific Activity Waste by Field Sampling and
Analysis. This procedure describes a method to calculate conservative estimates of material

activity concentration based on random sampling and calculation of the upper confidence limit

- (UCLys) of the mean concentration. The statistical evaluation also assumes a lognormal
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distribution with the intention of biasing results high to provide a high degree of -conﬁdenceAthat
no transportation or waste acceptance criteria is exceeded. However, because many areas
exceeding the specified limits have been identified through this sampling effort, no statistical
evaluations of the existing data set will be pcrforxhed. However, a statistical evaluation will be

performed for verification sample data, as described in Section 5.0.

Each characterization unit represented one room or area with similar process histories and

contamination pdtenﬁal.. Building 771 was divided into seven areas and fifteen random

measurements were collected in each unit (with the exception of the Room 182, from which ﬁye

- samples were collected due to previously-existing work interferences). Additional biased in-situ
measurements were collected in Room 148 and in Building 774. Ninety (90) paint samples were -
collected on the second floor of Buiiding 771 as part of the Reconnaissance Level
Characterization (RLC) effort. Fiﬁeen' (15) paint samples were collected in Room 241 of
Building 774 were also collected during RLC. Additional biased ZnS measurements were

“collected in non—procéss areas of Building 771 as part of Phase 2 of the UBC characterization
effort, Additional paint and in-situ measurements were collected in the Building 771/776 tunnel
as part of the hydrolazing waste characterization effort. A Sumﬁlary of the type of data collected
is presented in Table 1. '

A total of 297 biased and random data points have been collected. Thirty-three (33) of the in-situ
data points, were collected on structural walls and ceilings; None of thesc_struchnal wall/ceiling
data points exceeded 100 nCi/g at the surface and/or 7 nCi/g averaged over the wall/ceiling .
depth. Based on the in-situ gamma spectroscopy data, the average volumetric acﬁﬁw 1s
approximately 9 nCi/g for the slab and 0.03 nCi/g for the wall/ceiling surfaces, indicating that

greater than 99% of the remaining activity exists in the slab.

Floor and wall shots in Old Tank 40 (B774) did indicate contamination in excess of 100 nCi/g at
the surface. Therefore, remediation will be required on the walls as well as the slab of Old Tank

40.

Rocky Flats Closure Project D-2  0967\Reports\2005-11-21 Final Rep RFETS 771/774 Closure Proj




A summary map of the results for the first floor of Building 771 and Building 774 is presented in
Figure 1. No summary map 1s presented for the second floor of Bulldmg 771, given that all

surface pamt sample results were less than 1 nC1/g

2.0 POST-REMEDIATION SCANNING (> 6 BELOW FINAL GRADE)

Followmg the decontamination of the slab, a 100% scan of the slab surfaces will be performed
with a qualitative field instrument to verify that all areas in excess of 100 nCi/g have been
remediated. Any area flagged as potentially greater than 100 nCi/g will either be remediated or
verified to be less than 100 nCi/g with a quantitative instrument (i.e., in-situ gamma-
spectroscopy or laboratory sample analysis method). . '

3.0 VERIFICATION SAMPLING (> 6’ BELOW FINAL GRADE)

Following completion of remediation activities and the collection of biased post-remediation
data, an additional verification sampling effort will be performed on slab surfaceé that will
remain in-situ 6’ below final grade. The objective is to verify with 95% confidence that the
average slab activity is less than 100 nCi/g (surficial) and 7 nCi/g (volumetric) Pu-239 and Am-
241, and to provide an estimate of the average remaining slab activity. In addition, the data will
be evaluated for the presence of other incidental radioisotopes, including Radium-226 and

* Uranium-235, although existing data does not indicate the presence of these isotopes in 771
(re_fer to Attachment A). The locations of the random sample locations will be selected per a
simple non-parametric statistical method (Sign Test) described in Section 8.3 of the MARSSIM
manual (refer to Attachment B). Building 771 will be divided into three units, and 774 into one
umt (refer to Table 3). The number of samples required will be based on standard deviation
estimates derived from existing data, and verified to be adequate based on actual standard

deviations.

4.0 NON-RADIOLOGICAL CONTAMINANTS

The non-radiological contaminants of concern, including beryllium (Be), asbestos (ACM), poly- .
chlorinated bi-phenyls (PCBs), RCRA contaminants, including lead (Pb), will be evaluated per
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existing site requirements for demolition. A discussion of each contaminant and path forward is |

provided below.

Beryllium will be evaluated per the requirements of the PDSP. Asbestos shall be removed and
controlled per the requirements of Colorado Departmént of Public _Health' and Environment
Regulation No. 8, Part B, and OSHA 29 CFR 1926.1101. P CB-based paints shall remain in
place and the control m easures outlined in the Risk-Based A pproach m emorandum (8EPR-F)
shall be implémcnted during demolition. RCRA contaminants, including any RCRA closures,
shall be evaluated per the requirements of the B771 DOP. Lead analysis of paint from the
process areas of the 771/774 complex has revealed lead ieyels above regulatofy limits in only
one out of 61 samples taken, and the elevated level was only found in the stack exhaust tunnel
(on an orange-colored sealant) . Additional sampling will be performed in the exhaust tunnel in

order to determine the path forward.

5.0 REPORTS
Upon completion of verification sampling, a final report shall be generated that includes the

information described below.

- Anoverview map delineating decontaminated areas and post-remediation sample results
The individual verification sample results and statistical evaluation (by survey unit)

The average remaining activity (by survey unit)

The conclusion for each survey unit

6.0 MAPS
The final grade maps are presented in Figure 2.
7.0 REFERENCES

- DOE, 2001, Industrial Area Sampling and Analys1s Plan, Rocky Flats Envnonmental
Technology Site, Golden, Colorado, June.

MAN 127-PDSP, Pre-Demolition Survey Plan for D&D Facilities, Revision 0, Golden,
Colorado April 23, 2001.

PRO-1564-RSP-O9 09, Radiological Characterization of Low Spemﬁc Act1v1ty Waste by Field
Sampling and Analysis, Revision 0, Golden, Colorado 9/26/02
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Appendix E

Analytical Results and Case Narrative for the Investlgatlon of Americium-24l
Concentrations in Building 771 Concrete Core Samples, Rocky Flats Environmental
. Technology Site Closure Project, Golden, Colorado.
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October 13, 2004 -

Mr. Warren Seyfert =
U.S. Department of Energy
Rocky Flats Project Office
10808 Hwy 93, Unit A
Golden, CO 80403

| 'SUBJECT: DOE CON"l‘ RACT NO. DE-ACO5-000R22750

ANALYTICAL RESULTS AND CASE NARRATIVE FOR THE
INVESTIGATION OF AMERICIUM-241 CONCENTRATIONS IN
BUILDING 771 CONCRETE CORE SAMPLES, ROCKY FLATS
ENVIRONMENTAL TECHNOLOGY SITE CLOSURE PROJECT,
GOLDEN, COLORADO

- Dear Mr. Seyfert:

* The Environmental Survey and Site Assessment Progmm (ESSAP) of the Oak Ridge Institute for

Science and Education performed analysis of concrete core samples collected from Building 771.
The core sample collection and analysis was a part of the independent verification activities
performed to validate the Kaiser-Hill (K-H) pre-demolition survey results.

ESSAP selected five floor locations where elevated direct gamma radiation in excess of 100,000
counts per minute had been identified during the verification survey of Area AE located on the
Building 771 first floor. K-H provided the necessary equipment and personnel to obtain the
concrete core samples from the floor slab. Samples were collected on July 29, 2004 and -

- transferred under chain-of-custody to the site’s laboratory for analysis. The site laboratory

conducted the analyses to determine if the Building 771 subgrade combined americium-241 and
plutonium volumetric contamination criteria had been met and to prepare the samples for
shipment to the ESSAP laboratory for verification analysis. ;

The samples were shipped to ESSAP and results of the site’s analysis provided for data
comparison. Normally, concrete core samples received in the laboratory are crushed and
homogenized and the sample placed into a standard geometry and counted by gamma
spectroscopy. However, the anticipated high activity levels of the cores prevented the laboratory ,
from following this standard protocol. The ESSAP laboratory elected to count each core sample
asis. The unique geometry of the core and the inhomogenous nature of the contamination
required the development of a specialized, reproducible counting geometry and efficiency
determination. Enclosed is the case narrative describing the methodologies and analytical results
for the analysis of the five core samples. The appendices referenced in the narrative have not

- been included but are available upon request.
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Mr. Warren Seyfert

-2-

October 13 2004

The results of the study indicate that the K-H laboratory s reported Am-241 concentrations were
an average of 10 times less when compared to ESSAP’s analytlcal results. A summary of the
results is provided in the table below

- Am-241 Concentration (pCi/g)

Sample ID Number ESSAP Results K-H Results
M001 1,204 to 2,796 198
MO002 70.3 to 500 26.9
MO003 49,910 to 194,500 9,710
M004 46.0 to 109.6 11.9
MO005 ) 288 to 1,048 125

It is ESSAP’s opinion that the apparent underestimation of volumetric concentrations would

- result in K-H incorrectly concluding that radionuclide concentrations in isolated areas of the
subgrade floor slab of Building 771 are less than the decontamination criteria of 7 nCn/g average
activity over the depth of the slab.

~ Please contact either Phyllis Weaver at (865) 576-5321 or Dale Condra at (865) 241-3242 should
you have any questions or require additional information.

Sincerely,

Timothy J. Vitkus

Survey Projects Manager

Environmental Survey and
Site Assessment Program

TIV:ar |
Enclosure

cc: E. Abelquist, ORISE/ESSAP

' D. Condra, ORISE/ESSAP
P. Weaver, ORISE/ESSAP
B. Wallin, DOE/RFPO
File/0967

Distribution approval and concurrence: Initials Date
Technical Management Team Member
1 Laboratory Manager

Quality Manager
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CASE NARRATIVE

Gamma Spectroscbpy of
Rocky Flats Building 771 Concrete Core Samples
Using a Uniform Contamination Distribution Geometry

October 13, 2004

~ INTRODUCTION

ESSAP collected 3.5 centimeter (cm) diameter concrete core samples from Rocky Flats Building
771 to a depth of approximately 16.5 cm, or 6.5 inches. An investigation of the contamination
distribution of the various samples found that the activity is not uniform throughout the sample.
Contamination varies significantly through the length of the samples (vertically) and to a lesser
extent radially (horizontally). To assess the radionuclide concentration of americium-241 (Am-
241) present in each of the samples, ESSAP performed concurrent, independent gamma
spectroscopy measurements using two methodologies.

The first methodology was performed by the ESSAP Laboratory staff. ESSAP calibrated the
laboratory gamma detectors using a quantity of material taken from the 2003 full Marinelli®
geometry multi-gamma standard QCY48. A multi-gamma standard was prepared to approximate
the dimensions and density of the samples and was blended uniformly throughout the geometry.
The developed efficiency was then used to quantify Am-241 concentrations within five core
-samples (0967M001, 0967M002, 0967M003, 0967M004, and 0967M005). Lastly, two samples
with the lowest measured activities (0967M002 and 0967M004) were selected to be blended for
measurement in a standard geometry for which the ESSAP Laboratory has performance
evaluation (PE) results. : '

The second methodology was performed by the ESSAP Survey staff. ESSAP set up the in situ
gamma spectroscopy (ISGS) system using ISOCS version 3 and PROcount 2000 version 1.1 -
software packages to perform measurements of the QCY48 fabricated standard discussed above
and three of the core samples (0967M001, 0967M002, and 0967M005). The results were
compared to ESSAP Laboratory results determined by calibrating to the uniform standard. The
ISGS results were considered qualitative because a rigorous quality control (QC) data set was not
maintained for the ISGS system. Finally, an investigation as to the effect of employing non-
uniform ISOCS efficiency models was completed.

FABRICATED STANDARD

The ESSAP Laboratory prepared a simulated concrete core using multi-gamma standard QCY48
uniformly distributed in a sand matrix and sealed in a plastic pipe with an inside diameter of

3.8 cm and a length of 16.5 cm. A modified 1-liter (L) Marinelli was created to hold the sample
and the standard was counted in the horizontal position. After the standard was counted, the
efficiency for this geometry was generated and approved.

*Full Marinelli is ESSAP’s terminology for samples in 0.SL Marinelli with a density of approximately two grams per cubic
centimeter (g/cm®). ,
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To verify the calibration efficiency, a separate sample was prepared in the same configuration
using multi-gamma standard QCY48, from the year 2000, uniformly distributed in a sand matrix
and counted. Since Am-241 was the primary radionuclide of concern, thé Am-241 concentration
was the only radionuclide that was evaluated. The ESSAP Laboratory uses the ratio of the
measured value to known value to verify if the efficiency calibration is correct. The ratio of
these values should be statlstlcally equal to one. The measured to known value ratio for Am-241
was 1.08  0.09. '

" The fabricated standard was also measured using the ISGS system. The ISGS result for Am-241
was compared to the known standard radionuclide concentration. The measured to known value
ratio was 0.98 + 0.14. Appendix A provides the ISGS measurement results as well as
documentation of the ISOCS efficiency model.

ROCKY FLATS SAMPLES -

The core samples were counted in the calibrated geometry using the ESSAP Laboratory ‘gamma

spectroscopy system. For the initial count, each sample was randomly placed on the modified

1L Marinelli. Each sample was counted long enough to limit the counting statistics error to 1%

or less. Once the concentration of Am-241 for each sample was calculated, a comparison of the

results to the Rocky Flats contractor was performed. The results generated by ESSAP ranged

from factors of 3.9 to 17.7 times higher than the Rocky Flats results. The concentratlons and
-comparisons are presented in Table 1.

After the results were reviewed, the decision was made to crush and blend sample 0967M004,
which had the lowest concentration, and count the blended sample in a geometry for which there
are PE results. Once the blcndmg was complete, the sample was passed through a 35 mesh sieve
and two Hockey Puck Light® (HPL) geometry aliquots were prepared. Each side (top-and
bottom) of each sample aliquot was counted. The results indicate that even after extensive
blending there is a possibility for discrete particles to be prtsent in the sample. The data for the
sample counts are presented in Table 2.

After further discussions, it was decided that each core sample would be marked length-wise
into four sections and each section would have the same count time. Each sample package was
marked into four sections. The sections were arbitrarily numbered one through four. The count
of each sample started with section one and rotated 90 degrees until all sections had been
counted. The results of the four counts were averaged.

Concurrently, ESSAP’s ISGS system was used to develop ISOCS efficiencies for the three
Rocky Flats samples discussed above. Using geometry input values, ISOCS calculates a sample
weight. Table 3 presents the ESSAP Laboratory measured weight and ISOCS calculated weight.
As can be seen in the table, there is good agreement for all three samples, validating the physical
parameters entered for each ISOCS model.

Each sample was then measured on the ISGS system in the same method as the ESSAP
Laboratory. The sample was placed in the modified 1L Marinelli so that the side of the sample

6l-loc:lcey Puck Light is ESSAP's temunology for samplesina 23cmx 7. 6 cm plastic container with a densxty of approximately
1.5 g/em’.
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faced the detector with a distance of 4.5 cm between the detector and the point on the sample
closest to the detector. A spectrum was collected for 600 seconds, then the sample was rotated
axially 90-degrees to perform another measurement. Four measurements were performed at four
rotation angles that corresponded to the ESSAP Laboratory measurements. For example, for the
ISGS system measurement at Rotation #1, the sample was placed such that the writing indicating
measurement “1” was facing upward, or on the opposite side of the detector.

Table 4 provides the ESSAP Laboratory and ISGS rotational measurement results for all four
samples and each rotation. Note that the uncertainty in the ISGS measurements is a function of
the user-input errors associated with the ISOCS calculation. Software recommended values were
used as inputs. The percent difference between the ESSAP Laboratory results and ISGS results

. ranged from -46.4% to 18.9%. Results were statistical for 9 of 12 measurements. Of the 12
measurements, 7 of the ISGS results were greater than and 5 were less than the ESSAP
Laboratory results. Due to the high activity present in the sample ISGS measurements were not
performed for sample 0967M003.

Table 5 provides calculation results for average and standard deviation (of the average) for the
four rotations for each sample. The percent difference results showed good agreement with a
range from -6.7% to -0.7%—the ISGS system average values were greater than the ESSAP
Laboratory measurements.

After the r%ults from the rotational counts were reviewed, the decision was made to crush and
blend sample 0967M002, again because it had the next lowest concentration, and count the
blended sample in a geometry for which there are PE results. Once the blending was complete,
the sample was passed through a 35 mesh sieve and two HPL aliquots were prepared. Each side
(top and bottom) of each sample aliquot was counted. The results, when compared to the data
generated from counting the solid core, indicate the possibility that the contamination was
predominantly in the interior of the core sample. If the contamination were inside the core, the
photon from Am-241 would be attenuated producing analytical results that would be -
underestimated by these methodologies. The data for the sample counts are presented in Table 2.

Appendices B, C, and D provide the ISGS measurement results as well as documentation of the
ISOCS efficiency models developed for samples 0967M001, 0967M002, and 0967M005.
Appendix E provides the ESSAP Laboratory results for samples 0967M001 ‘0967M002,
0967M003, 0967M004 and 0967MO005.

. NON-UNIFORM ISGS MODELING

Because the two methodologies presented above utilized uniform contamination distributions for
efficiency determination, the effects of using a non-uniform ISOCS ISGS system model were
investigated. Using the ISOCS simple cylinder model, the 60 keV energy efficiency for Am-241
was determined for varying length (depth) of the contaminated layer. In other words, the
contamination was modeled as nearly surface contamination on one end of the sample to fully
uniform contamination through the length of the sample. Twenty efficiency calculations were
performed and are presented in Table 6. The data from Table 6 are plotted in Figure 1 as the
efficiency versus length of contamination. The resultant relationship is such that there are two
inflection points. As can be seen from Figure 1, the minimum efficiency occurs when the
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contamination layer is approxunately 2.5 cm and the maximum efficiency at approxunately
11.4 cm.

To independently validate the ISOCS results, MicroShield version 5.05 was used to replicate the -
concrete core model used as input for the ISOCS model. With the MicroShield model, the dose
point was set at the center of the end-cap of the ISGS detector. Several lengths of the
contamination layer were modeled and the results were consistent with the ISOCS model. Two
inflection points were observed with the same S-shaped response curve demonstrated in

Figure 1.

Based on the mathematical results, an approximate bounding on the error of calibratingtoa
uniform contamination distribution can be estimated. Using the uniform cfﬁctency as the point
of reference, the actual results may be underestimated by approximately 10%’ if the core was
uniformly contammated to a length of 11.4 cm. Conversely, the actual results could be
overestimated by 26%® if the core was uniformly contaminated to a length of 2.5 cm. The
limitation of this modeling technique and error estimation is that it was still assumed that the
contamination was uniformly distributed throughout the length of the contaminated layer.

From review of the gamma spectroscopy measurements presented above and scanning of the
samples using hand held radiation detection meters, the actual contamination is highly variable
both radially and through the length of the sample. The rotational measurements were used to
address the radial distribution when using a uniform model. To more accurately detérmine the
~ average contamination in the sample with respect to the variable contamination distribution
through the length of the sample, the ISOCS complex cylinder model could be used, which uses
the input of four contamination layers and their relative contamination distribution. With this
model, an exponential distribution could be input for calculating the efficiency of the ISGS
system. Due to time constraints, this modeling was not employed. -

The ISOCS efficiency calculations are provided in Appendix F.

CONCLUSION

BSSAP performed gamma spectroscopy of Rocky Flats concrete cores from Building 771 using
two independent assessment methodologies based on calibrating to a uniform contamination
distribution. The results indicate that average values reported by Rocky Flats for Am-241

average contamination in the samples are underestimated—in some cases significantly
underestimated. After blending selected samples for measurement, using an ESSAP Laboratory
standard geometry, the Am-241 concentrations increased from the initial measurements,
demonstrating the non-uniform contamination d1stnbut10n in the samples.

Because of the identified non-uniform nature of the contamination, mathematical modeling of
the detector efficiency was performed to determine the impact of assuming a uniform
distribution when in fact the samples were not uniformly contaminated. The mathematical
results indicated that the uniform efficiency determined by the ESSAP Laboratory and calculated
for the ESSAP ISGS system produced representative concentrations. While employing a more

"Calculated using ISOCS data from Table 6: (1.63614E-02 — 1.48190E-02) / 1.48190E-02
" ¥Calculated using ISOCS data from Table 6: (1.48190E-02 ~ 1 09608E—02)/ 1.48190E-02
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complex modeling methodology could result in more accurate calculated efficiencies, it may
likely be well within the error associated with measuring a sample that has discrete particles. For
- example, by blending sample 0967M002, the measured activity of Am-241 increased by 136%.
This value was calculated by subtracting the average of the four ESSAP Laboratory rotational
measurements from Table 5 (203 pCi/g) from the average of the HPL results from Table 2
(479 pCi/g) then dividing by the rotational results (203 pCi/g). Therefore, the impact of the
physical nature of the contamination, e.g. discrete particles, versus the overall contamination
distribution through the sample, has a much greater impact on the ability to determine the
average Am-241 concentration in a concrete core using available gamma spectroscopy
measurement systems. :
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ORISE TABLE 1

DATA COMPARISON OF CONCRETE CORES
INITIAL SINGLE SAMPLE COUNT MEASUREMENT RESULTS

ROCKY FLATS BUILDING 771
ESSAP Laboratory Results (pCi/g) | Rocky Flats Results (pCi/g)
ESSAP Ratio®
Sample ID ~ 2 ‘Average ,
et Am-241 TPU A2l TPU
0967M001 1,876 120 198 TPU not reported | 9.5
0967M002 303 20 26.9 TPU not reported | 11.3
0967M003 172,000 10,000 9,710 | TPU not reported | 17.7
0967M004 46.0 4.0 11.9 TPU not reported | 3.9
0967M005 922 57 125 TPU not reported | 7.4

*TPU is the total propagated uncertainty of each result at the 95% confidence level.

*Ratio is calculated by dividing the ESSAP Laboratory result by the Rocky Flats average result.

Rocky Flats Closure Project
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ORISE TABLE 2 .
BLENDED CONCRETE CORE MEASUREMENT RESULTS

ROCKY FLATS BUILDING 771 :

ESSAP ESSAP Laboratory Results

Samp]e ID"" Am-241 TPU®

_ ‘ (pCilg) _ (pCi/g)

0967M002AS1 500 29
0967M002AS2 486 - 28
0967M002BS1 467 26

0967M002BS2 462 ' 26
0967M004AS1 629 . 3.7
0967M004AS2 67.4 4.0
0967M004BS1 752 4.3
0967M004BS2 109.6 : 6.3

*The different sample aliquots are designatcd by A and B.
bs1 designates the top of the samples and S2 designates the bottom of the sample.
*TPU is the total propagated uncertainty of each result at the 95% confidence level.

\
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ORISE TABLE 3
WEIGHT COMPARISON OF CONCRETE CORES

ROCKY FLATS BUILDING 771
ESSAP Measured ISOCS Calculated Percent
Sample ID Weight (g) Weight (g) Difference”
0967M001 - 420.6 420.24 0.1%
0967M002 365.8 " 365.17 0.2%
0967M005 379.4 378.78 0.2%

*Calculated using the formula: (Measured - Calculated) / Measured
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ORISE TABLE 4
MEASUREMENT RESULTS OF CONCRETE CORES

ROCKY FLATS BUILDING 771
ESSAP Laboratory Results ESSAP ISGS Results : .
ESSAP . | Rotation® . Percent . Rgslflts .
Sample ID Am-241 TPU* Am-241 TPU* Difference Statistical?
(rCilg) (pCi/p ®Ci'p) |- (pCilp ,
0967M001 1 1,204 72 1,562 T 2142 -29.7% No
2 1,570 94 1 1,768 2424 -12.6% Yes
3 2,79 170 2,630 360.2 5.9% Yes
- 4 1,788 107 1,450 199.1 18.9% No
0967M002 1 372 ' 23 350.7 48.93 5.7% Yes
' 2 145 - 92 . 1967 . 2820 -35.1% Yes
3 703 5 102.9 15.69 -46.4% -~ No
4 225 14 216.5 30.96 3.8% Yes
0967M003 1 49,910 2,946 £ .- - —
2 90,020 5,309 - - - —
3 194,500 11,460 - - - o
‘ 4 74,110 4,371 - - T - -
0967M005 1. 719 43 833.3 © 1147 -15.9% Yes
2 1,011 61 1,048 144.0 3.7% " Yes
3 551 34 500.0 69.29 9.3% Yes
4 288 18 338.9 - 4743 -17.7% -~ Yes

*Samplc 0967M004 was blended afier the initial single measurement, thus rotational measurements were not performed.
*Edch sample measured four times, rotated axially 90 degrees after cach measurement. .

°TPU is the total propagated uncertainty of tach result at the 95% confidence level.

TPU is the total propagated uncertainty of cach result at the 95% confidence level (sce data package for user input errors associated with ISOCS efficiency
calculation).

“Calculated (for activity values) using the formmla: (Laboratory - ISGS) / Laboratory

Indicates if results overlap, taking into consideration the TPU.

*ISGS measurements of sample 0967M003 not performed.




" ORISE TABLE 5
DATA COMPARISON OF CONCRETE CORES

_ ROCKY FLATS BUILDING 771
UNIFORM CONTAMINATION DISTRIBUTION _
Laboratory Results (pCi/g) ISGS Results (pCi/g) Percent
ESSAP - Diff.
Sample ID* Average Standard Average Standard erence
Am-241 Deviation Am-241 Deviation ‘

0967M001 1,840 682 1,853 . 535 -0.7%
0967M002 -203 129 217 102 -6.7%
0967M003 102,135 63,747 -~ - -
0967M005 642 - 303 680 320 -5.9%

‘Each sample measured four times, rotated axially 90 degrees after each measurement.

Rocky Flats Closure Project

* *Calculated (for average values) using the formula: (Laboratory - ISGS) / Laboratory
- ISGS measurements of sample 0967M0003 not performed.
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" ORISE TABLE 6

MATHEMATICALLY CALCULATED Am-241 EFFICIENCIES
BY VYARYING THE LENGTH OF CONTAMINATION
- OF THE MODELED CONCRETE CORES FROM

ROCKY FLATS BUILDING 771
Length of -] ISOCS Calculated
Contamination® (cm) 60 keV Efficiency
0.0254 1.36587E-02
0.127 1.34086E-02
0.254 1.31184E-02
0.381 1.28510E-02
. 0.508 1.26049E-02
0.635 1.23817E-02
1.27 1.15466E-02
1.905 1.11030E-02
2.54 1.09608E-02
3.81 1.13069E-02
5.08 1.21483E-02
6.35 1.32291E-02
7.62 1.44003E-02
- 8.89 1.54126E-02
10.16 1.60986E-02 .
11.43 1.63614E-02
12.7 1.62603E-02
13.97 1.58941E-02
15.24 1.53904E-02
16.51 1.48190E-02

*Simple cylinder ISOCS model used with length of top layer
entered as presented with bottom layer data not entered.

Rocky Flats Closure Project
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. Concrete Core ISOCS Simple Cylinder Geomatry
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FIGURE 1: Mathematical efficiency calculation results.
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OAK RIDGE INSTITUTE FOR SCIENCE AND EDUCATION

November 30, 2005

Mr. Ron Bostic .
Rocky Flats Project Office
U.S. Department of Energy
~ 10808 Hwy 93, Unit A
" Golden, CO 80403

SUBJECT: CONTRACT NO. DE-ACO5-000R22750 °
' FINAL REPORT—VERIFICATION SURVEY OF THE BUILDING
776/777 CLOSURE PROJECT, ROCKY FLATS ENVIRONMENTAL
TECHNOLOGY SITE, GOLDEN, COLORADO

Dear Mr. Bostic:

The Environmental Survey and Slte Assessment Program (ESSAP) of the Oak Rxdge Institute for
Science and Education (ORISE) has prepared the final report for the Building 776/777 Closure
Project at the Rocky Flats Environmental Technology Site i Jin Golden, Colorado. Comments
provided on the draﬁ report have bccn incorporated into the final report.

Please contact me at (865) 576- 5321 or Scott Kirk at (865) 574-0685 should you need additional
information.

Sincerely, |

Phyllis C. Weaver

Health Physics/Project Leader

Environmental Survey and
Site Assessment Program

PW:db

c¢:  B.Wallin, K-H/RFETS

~ E. Abelquist, ORISE/ESSAP
S. Kirk, ORISE/ESSAP
File/409

P. O. BOX 117, OAK RIDGE, TENNESSEE 37831-0117
OpuubdbyOukRndgoAmcmadUnmmmbrﬂmUS DeparhnontolEnefgy




The Oak Ridge Institute for Science and Education (ORISE) is a U.S. Department ofEncrgj;faélhtyfocusmg on
scientific initiatives to research health risks from occupational hazards, assess environmental cleanup, respond to

radiation medical emergencies, supportnauonalsccmtyandcmetgcncyprcparedne&s, and educate the next generation -

of scientists. ORISExsnmnagcdbyOakRJdgeAss_ocnmdUmvemnw Established in 1946, ORAU is a consortium
of 91 colleges and universities. _ . ,

NOTICES

The opinions expressed berein do not necessarily reflect the opinions of the sponsoring institutions of Oak Ridge
Associated Universities.

This report was prepared as an account of work sponsored by the United States Government, Neither the United States
Governiment nor the U.S. Department of Energy, nor any of their employecs, makes any warranty, expressed or implied, .
or assumes any lcgal liability or r esponsibility for the accuracy, c ompleteness, or usefulness of any information,
apparatus, product, or process disclosed, or represents thatits use would not infringe on privately o wned rights.

Reference herein to any specific c ommercial p roduct, process, or service by trade name, mark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement or recommendation, or favor by the U.S. Government
- or any agency thereof. The views and opinions of authors cxptnsedhercmdonotnecessarﬂystatcormﬂectﬂmscof
the U.S. Government or any agency thercof.
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IN-PROCESS VERIFICATION SURVEY
OF THE
BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
" 'GOLDEN COLORADO | |

- | . INTRODUCTION

The Atomic Energy Commission, predecessor agency to the U.S. Department of Energy (DOE),
selected the Rocky Flats site in 1951 to serve as a nuclear weapons component production
facility. Production began in 1952 on both nuclear and non-nuclear components with the
plutonium pits being the key component. Uranium and beryllium were also utilized in the

~ production of various coxﬂponexits and processes. Operaﬁon's. continued until 1989 when
environmental and safety concems temporaﬁly halted operations. There were over 700
structures, such as process and support buildings, that were involved in the site’s mission. In
*1993, the production mission was permanently ended and a new mission to pleaniip the site by
2006 was initiated. The site has since been renamed as the Rocky Flats Environmental
Technology Site (RFETS). |

Kaiser-Hill Company, L.L.C. (K-H), is the Department of Energy (DOE) contractor responsible
for closufe of the Rocky Flats Environmental Technology Site Closure Project (RFETS) by the
year 2006. To meet the closure goal, K-H performed remediation, when necessary and feasible,
conducted pre-dcmoliﬁdn surveys (PDS), implemented independent verification, and finally
demolished Buildings and structures at the site. '

K-H prepared a Decommissioning Operatioi:s Plan (DOP) to address the specific issues
associated with the removal of Buildings 776 and 777. Because of a major contamination event
that occurred in Buildings 776 and 777, K-H developed a plan based on the as low as reasonably
achievable (ALARA) principle to control releases to the environment and doses to the workers

- during building demolition. The ALARA goals were achieved by using a combination of l
decontamination techniques that included component removél, wiping, washing with various
cleaning solutions, concrete shaving, scabbﬁng, etc. Building surfaces that could not be
reasonably decbntaminafed were sealed with fixatives or encapétxlanté designed to mmmnze
residual contamination releases. Characterization surveys conducted ‘by K-H provided the input
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data to the radiological pathway analysis model dcsignéd to evaluate potential airborne releases
and resulting doses to the workers and general public. The DOE’s Rocky Flats Project Office
(RFPO) requested the Environmental Survey and Site Assessment Program (ESSAP) of the Qak
Ridge Institute for Science and Education (ORISE) to prowde mdependent verification survey
activities for the Building 776/777 Closure Project.

SITE DESCRIPTION AND BUILDING HISTORY

The RFETS is located approximately 16 miles northwest of Denver, Colorado on Stafe Highway
93 and Cactus Road. RFETS occupies approximately 385 acres within the 6,000-acre

" reservation sité owned by DOE (Figure 1). The site was divided into fwo major operable units:
the Industrial Area and the Bu.ffer Zonc with all nuclear facllmes within the boundaries of the
Industrial Area (Figure 2).

Construction on Building 776/777 began in the 1950’s, The Building 776/777 complex was a
two-story structure with a partial basement and common wall that separated Buildings 776 and
777 (Figure 3).” A tunnel on the northeast corer of Building 776 connected Building 771. The
first floor of Building 776 and 777 had an area of approximately 135,000 fi. The second floor
and basement had surface areas of 88,000 fi’ and.1,600 fi%; respectively, with a total surface area
for the entire facility measuring 224,600 i that also include numerous additions built since '
original bulldmg construction (K-H 2003a).

- Building 776 served as the primary ménufactuﬁng facility for plutonium (Pu) weapons
.components and housed the Pu foundry and fabrication operations from 1958 until 1969.
Building 777’s main function was for parts assembly. Buildings 776/777 contained an cxténsivc -
glove box network supporting various Pu _operaﬁons (K-H 2003a). X |

* In 1969, the majority of the foundry and fabrication operations were transferred to Building 707
after a major fire resulted in gross radiological contamination of Building 776/777. The
operating areas of the first floor were highly contaminated and the entire second floor was
moderately contaminated with airbome contamination that filtered through the floors and the
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walls. Office areas' in Building 776/777 were moderately contaminated on the floors from
infiltration of fire suppression water. The roof was moderately contaminated in three areas; two
were localized around vent penetrations and the third involved an area from around an exhaust
duct to the edge of the roof. After the fire, the majority of the glove boxes were removed from
Building 776 and the large room that containedv these glove boxes was compartmentalized into
several areas that were separated by physical barriers to confine radioactive material releases.

Upon completion of initial cleanup activities, limited production operations were resumed.
However, the main focus of acﬁv_ity for the building was shifted to waste and residue handling, .
. disassembly of retired weapons components "and other special prbj ects. Operations in Building
777 included machining, product assembly and disassembly, testing and inspections of projects,
and support operations. These operations continued until'produétion was curtailed in 1989 (X-H
-2003a).

INDEPENDENT VERIFICATION OBJECTIVES

The objectives of tﬁc verification v)ere to implement the data quality objective (DQO) process,
as defined in the Independent Verification Program Plan (IVPP). This effort was neededto
evaluate the pre-demolition radiological condition relative to the 776/777 Closure Project
structures against the defined building-specific residual contamination criteria (ORISE 2004a).
The IVT was to assure that the source term data were adequate for demonstrating that the
 project’s characterization survey objectives were met. Specifically, the IVT verified the final
characterization and pre-demolition program _implexﬁented by the decommissioning and

' decontaxﬁinaﬁoq (D&D) contractor. | '
To expedite the D&D process, the IVT coordinated and worked with the project to conduct Type
B independent verification surveys, in tandem with PDS rather than at the cbmpletion of final
survey and reporting activities. In-process reviews followed the applicable lines of inquiry, as
outlined in Appendix A of the IVPP, as apﬁmpxiate. Type B verifications were conducted per
‘the IVPP, and as described in the Survey Procedures section of this document. -
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DOCUMENT REVIEWS

The-documeﬁt reviews evaluated the potential outcome of the surQeys based on the review of
significant documentation and procedure implementation. This included reviewing the PDS plan
and data, including' the methodology used to calculate the average surfaqe' contamination values
(ASCV), procedures for the selection, calibration, and use of survey instrumentation, and )
adequécy of survey and analytical planning and procedures (K-H 2002, 2003a and b, and DOE
2005). The reviews allowed for an in-depth evaluation of the adequacy and apprbpﬁateness of
fhe, D&D contractor’s approach relative to the DQOs.

- TYPE B VERIFICATION SURVEYS
ESSAP conducted in-proceés Type B verification surveys in accordance with a proj'éct-speciﬁc

plan (PSP) submitted to and approved by DOE for Buildings 776/777 (ORISE 2004b). Surveys
were performed on the following dates: April 26 to April 28, 2004; August 18 to 'August 19,

~ 2004; and February 7 to February 9, 2005. - ESSAP concentrated in-process survey efforts in

areas having the greatest potential for contamination. The primary obje_ctive of the IV evaluationv
was to validate the K-H survey methodology developed to dgtermine the final building ASCV.

‘Measurements provided by the IVT served to corroborate measurement findings provided by K-

H as well as provide assurance that the accufacy of survey methddology was maintained
throughout the duration of the project. All survey activities were performed in accordance with
the ORISE/ESSAP Survey Procedures Manual and the Quality Assurance Manual (ORISE
2004c and d). ' ‘ o

REFERENCE GRID

The IVT used the 'su.rvey unit (SU) reference system established by the D&D contractor to

identify measurement and sampling locations. Measurement and any sampling locations were

also documented on detailed survey maps and/or photographic records.
SURFACE SCANS

In an effort to evaluate the effectiveness of the scanning r'hethodology implemented by K-H,
where the detector was S{et at a height 30 cm from the floor, ESSAP performed surface scgns.l
ESSAP used source-to-detector distance of 1 cm above the measured surface. Surface scans
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* . were performed over 70 to 100 percent of accessible floor area, up to five pefcent of the lower
walls (up to 2 meters), and appfoximately one percent on upper surfaces (in selected SUs).
Particular attention was given to visible cracks and joints in the floor end on walls, ledges,
drains, and horizontal surfaces where material could have accumulated. Locations of elevated
radiation levels, identiﬁed by ESSAP, that were at least an order of magnitude or greater than the
K-H results were brought to the ettention of DOE and K-H for further investigation.

GAMMA SURFACE ACTIVITY MEASUREMENTS

The IVT and K-H performed side-by-side (i.e., at the same location) gamma surface
measurements utilizing the similar detection capabilities. The basic field instrument for the
detection of low-energy radiation (FIDLER) was used in order to provide for consistency in
reporting of field data with slight variations in detector operational and physical set-ups. The
side-by-side approach allowed for a direct data comparison and provided a means to identify
instrument biases between K-H and the IVT. '

Eighteen of the 41 SUs selected by the IVT for Type B verification was either generated
randomly, on a judgmental basis, or as requected by DOE. The IVT collected 297 gamma
surface measurements in 18 SUs in Buildings 776 and 777 (Figures 4 to 23).

MISCELLANEOUS SAMPLES

Limited sampling was performed to determine the distribution of contamination entrained in the
matnx of the concrete slab of Building 777 Concrete core samples were collected from cracks
and existing expansxon joints having elevated gamma tadloactmty in SU 776023 (Figure 13).
Eight, three-inch diameter concrete core samples, one sample of original epoxy media, and one

surface sample of a concrete block were collected for analysis.

DATA ANALYSIS AND INTERPRETATION

Gamma scan data were repoxted in counts per minute (cpm). Gamma surface measurements
were converted into units of disintegrations per minute per one hundred square centimeters

(dpm/100 cm?) for direct comparison to K-H data. For purposes of consistency in reporting any
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findings, the same assumptions utilized by K-H for data reduction were applied to ESSAP’s data
after review and verification by ESSAP.

Radiologicﬂ sample analyses were performgd at the ORISE/ESSAP laboratory in Oak Ridge,
Tennesses in accordarice with the ORISE/ESSAP Laboratory Procedures Manual (ORISE
2004h). Concrete cores samples were analyzed by gamma and/or alpha spectroscopy and
reported in units of picocuries per gram (pCi/g) and then converted to dpm/100 cm? as
appropriate. Details on the input parameter evaluation are included the B'SSAP‘ interim reports
(ORISE 2004f and 20053). - |

" Data were compared to the K-H field measurements and against the final ASCV limits when
averaged over the entire bmldmg, for. weapons grade plutonium (WGP). The ASCV limits are as -
follows (K-H 2003b)

Average Surface Contamination Value

ASCV 455 pCi/m

Surface Activity ()  1E9dpm/100 cm® - 1 B7 dpm/100 cm?

45,500 pCi/m

" Value that equates to the ASCV as calculated by ORISE. )

FINDINGS AND RESULTS

DOCUMENT REVIEW

Specific comments were provided following the reviews of the ﬁnai»sﬁrv_ey summary reports for
Areas I through VII (ORISE 2004i and 2005b). Overall, the reviews indicated that the PDS
process was being conducted in accordance with the DQOs and associated procedures specified
in the DOP,

SURFACE SCANS

_* Surface scans identified several areas that K-H had not identified and accounted for in Building
777, in particular, SUs 776015, 776018, 776021, and 776023. These locations were specnﬁc to

areas with cracks on the floor and at floor/wall intersections. 4
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GAMMA SURFACE ACTIVITY MEASUREMENTS

" The results of gamma surface comparison measurements are presented in Tables 1 to 18 with the

exception of SUs 776002, 776011, 776012, 776019, 776035, and 776041. Qualitative data for
the aforementioned SUs were provided by K-H to ESSAP. However, specific instrument
variables to convert the data from count rate to activity were not provided to ESSAP. The

qualitative data was within an order of magnitude of the ESSAP qualitative data, providingAan

indicator that the K-H data were repfmtativc of actual radiological levels.

During the February, 2005, survey effort, one of the K-H detectors malfunctioned. The
malfunction was attributable to an issue with the data Iogger coupled to the detector. However,
additionél measurements were collected by K—H at the same surfac_e'meas’urement locations
where the detector malfunctioned. An in-depth réview of the field data provided t'o'ESSAP did
not indicate that the malfunction was systematic in nature, and did not appeaf to affect the
reported count rate. The reported data were within an order of magnitude of the ESSAP data,
and therefore were not flagged for further action. |

Several locations of elevated activity were identified by ESSAP that were not previously
identified by K-H. The maximum observed activity identified by ESSAP was 71,000,000

dpm/100 cm? at SU 776012. Areas with notably high activity were also found in SUs 776002,

776011, 776018, 776019, 776023, and 776041.

" A large number of negative values were noted for several survey units, including 776002,

776004, 776029, 776032, and 776043 (Tables 1, 2, 13, 14, and 18). This is due to the fact that

- ESSAP established material-specific backgrounds in Building 777 (at the same background

reference areas as K-H) and applied the background values to the survey units in Building 776.

© Areview of the actual K-H data also indicates an excessive number of net negative results.

However, this is not apparent in the data tables because K-H reported the MDC value when the
net result was less than MDC. All data indicate that a Building 776-specific background

reference area would have been desirable. However, this was not practical due to the extent of

contamination in Building 776. In summary, the K-H and ESSAP net results were comparable;
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therefore it is-not expected that the overall conclusion for these specific survey units would have
changed.

ESSAP suspects that the calibration method used by K-H explains why these ar'eag of elevated
activity may have been overlooked by K-H.- K-H used a line source calibration performed at a |
height of 30 cm to accounf for total activity of all known joints and intersections. At 30 cm, K-H
would account for any hot spots that might be missed. ESSAP’s vcriﬁcation‘ scans were
performcd within a few centimeters of the floor surface, usmg a swinging motion of the detector
which effectively covered a larger surface area. -

MISCELLANEOUS SAMPLES

| Each core sample and epbxy sample obtained by ESSAP was field screened by K—H prior to
being shipped to the ESSAP laboratory for analysis by gamma and alpha spectroscopy. Because
of the level of activity in the samples special pnecauﬁons were needed to safely prepare the cores
for analysis. BSSAP operates and maintains an environmental Iaboratory facility in which only
small quantitieé of activity can be possessed at any given time. Therefore, only two of the eight
concrete cores were analyzed to determine the volumetric distribution and the depth of '
¢ontamination in the concrete matrix. The results of select core sample analysis demonstrated
‘that preferential migration of contamination mosi likely occurred due to the pmehce of the
expansionjoints (Table 9). Furthermore, the results for both inner and outer core samples -
showed that in both cases the contamination rapidly deci'eased with depth. This providedthe
assurance to DOE that the potential for contamination to the underlymg soil beneath the concrete
slab would be minimally affected. ‘ ' ' '

The énalysis also indicated that the average. Pu-239 to Am-241 ratio was 4.9. These data indicate
that the ratio of 8.1 used by K-H was a conservative vilue’ for converting direct measurement
results to total activity when multiplying the ratio to the Am-241 activity. A detailed description
of the analyses performed and resulting data is presented in a supplemental report provided to
DOE (ORISE 2004g) '
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RECOMMENDATIONS

ESSAP issued an interim re;iort discussing the finding related t6 the differences in calibration
‘methods between ESSAP and K-H. K-H reviewed the findings and considered the argument to -
be valid and determined that a combination of both techniques would be used for the remaining
'PDSs (DOE 2004). -

_ SUMMARY
ESSAP conducted a series of verification surveys that evaluated scan methodology and
instrument effectiveness. The yen'ﬁcatioﬂ effort provided assurance to DOE that the
methodology implemented by K-H remained at various pcriods throughout the dumﬁon of the
PDSs. Overall, the in-process review indicated that the K-H characterization methodology
ensured that the final source term in the bulldmg satisfied the ALARA goals for demolition. ‘It is
ESSAP’s position that the approach mplemented by K-H was valid.
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FIGURE 6:  Survey Unit 776007 - Measurement Locations
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FIGURE 21: Survey Unit 776035 - Measurement Locations
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FIGURE 22: Survey Unit 776041 - Measurement Locations
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TABLE 1

SURFACE ACTIVITY COMPARISON MEASUREMENTS

SURVEY UNIT 776002

BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
Measur?msnt Uf;iﬁ;‘g;ﬁﬁ' i?):;‘::ltzyrs K-H Total Alpha Actmty
-Location (dpm/100 cm ) (dpnv/100 cm )

1 -14,000 23,571

2 -58,000 9,890

3 -27,000 9,890

4 -20,000 9,890

5 ©-21,000 9,890

6 -8,600 9,890
7 80 9,890

8 -12,000 9,800 -

9 24,000 9,890

10 -8,200 9,890

11 -9,400 9,890

12 -7,900 9,890

13 -10,000 9,890 -
14 -4,600 9,890

15 270,000 252,205
16 62,000 23,571
17 -140,000 9,963

18 -110,000 9,963

19 -130,000 9,963

20 -130,000 19,963

21 -87,000 9,963
22 - -120,000 9,963

23 -130,000 9,963

24 -130,000 9,963

25 -88,000 7,530

26 -90,000 7,530
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TABLE 1 (Contmued)

SURFACE ACTIVITY COMPARISON MEASUREMENTS

SURVEY UNIT 776002

BUILDING 776/777 CLOSURE PROJECT - ,
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO

Mle;scure'mfnt Ul:‘ingAlggogg n‘:?:;z:;::::yrs - | K-H Total Alpha Actmty
ation (dpm/100 cm’)'? - (dpm/100 cm )
27 -65,000 7,530
72 5,800,000 N/A®
73 1,600,000 N/A
74 1,900,000 N/A -
75 900,000 N/A
76 1,900 " N/A
77 560,000 N/A
78 38,000 N/A
79 850,000 N/A
80 -5,000 N/A
81 19,000 N/A
82 -41,000 N/A
83 42,000 N/A
.84 10,000,000 - N/A
85 2,000,000 N/A
*Refer to Flgun: 4.

YIVT total alpha activity measurement conversions used the K-H Pu to Am-241 ratio of 8.1 nmlnpher and the K-H attenuauon

factor of 0.997 for either no overlying material or a thin layer of latex.
“Values less than MDC were reported as the MDC.

“Not Available - activity calculations could not be p&fomwd due to lack of mstmment-spec:ﬁc information. ‘
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TABLE 2

SURFACE ACTIVITY COMPARISON MEASUREMENTS :
SURVEY UNIT 776004 1
" BUILDING 776/777 CLOSURE PROJECT ' '
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

~ GOLDEN, COLORADO
Mltizscur?me.nt Ul:ingAlf_goé:l nﬂ[;;::;g:lt?rs. K-H Total Alpha Actmty
ation _ (dpny/100 cm?)® (dpm/100 cm?) ¢
©1 ~ -120,000 10,946

2 -110,000 10,946

3 -19,000 B 11,122

4 -10,000 : , 11,122 |
5 7,600 11,122 !
6 4,000 ' 11,122
7 -13,000 : 11,122

8 1,100 ' | 11,122

9 -110,000 | 10,946 , . |
10 ~140,000 10946 |
11 -120,000 ; 10,946

12 -140,000 o 10,946

13 -150,000 10,946

14 -37,000 ' © 10,946 .

15 -150,000 ’ 110,946

16 -98,000 ‘ 10,946

17 34,000 _ 51,516

18 1,300 ‘ 11,122

19 19000 - 11,122

20 16,000 11,122".

*Refer to Figure 5. ' |
YIVT total alpha activity measurement conversions used the K-H Pu to Am-241 ratio of 8.1 mulnpher and the K-H attenuation

factor of 0.997 for cither no overlying material or a thin layer of latex. ,
“Values less than MDC were reported as the MDC. . ‘
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TABLE 3

SURFACE ACTIVITY COMPARISON MEASUREMENTS
SURVEY UNIT 776007 ‘
BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
- GOLDEN, COLORADO

ESSAP Tothl Alpha Activity K-H Total
Mi:s ;‘:;: e.nt - Using K-H Converslon Factors -Alpha Actnvity
~ © (dpm/100 cin?)® (dpm/100 cmx )

1 15,000 - 10,865
2 43,000 \ 10,865
3 41,000 - 9,820
4 48,000 : 10,865
5 -59,000 9,820
6 65,000 10,865

7 28,000 © . 10,865
8 -68,000 . 9,820

9 42,000 , ' 10,865
10 38,000 - 10,865
11 44,000 : - 10,865
12 69,000 ' 9,820
13 93,000 10,865
14 60,000 : , 9,820
15 26,000 - 9,820
16 66,000 64,418
17 - -21,000 9,820
18 56,000 _ 10,865
19 43,000 ' - 39,346
20 5,200 10,865
21 67,000 _ 11,163
22 81,000 46,575
23 75,000 - _ 43,830
24 64,000 ' 9,820
25 52000 - . 16,562
26 64,000 _ 11,529

/
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TABLE 3 (Continued)

SURFACE ACTIVITY COMPARISON MEASUREMENTS
SURVEY UNIT 776007 ‘
BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement ESSAP Total Alpha Activity K-H Total
‘Location® - Using K—H Conversion Factors Alpha Acﬁvity
: (dpin/100 cm?)® (dpm/100 cm?)
27 , -11,000 - 9,820
28 53,000 o : 10,865
29 ' 54,000 S 9,820
30 | 14000 9,820
*Refer to Figure 6. |

total alpha activity measurement conversions used the K-H Pu to Am-241 ratlo of 8.1 multnpher and the K-H attenuauon
factor of 0.997 for cither no overlying material or a thin layer of latex
‘ValmlwsthanMDCwercreportedastheMDC
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TABLE 4
SURFACE ACTIVITY COMPARISON MEASUREMENTS
- SURVEY UNIT 776008
 BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
. GOLDEN, COLORADO
: E
Messurement | o2l Covrsion Factors | P T0tLAlBE s
. (dpm/100 cm?)®
1 41,000 - 9,820
2 -58,000 : . 9,820
3 110,000 - 88,392
4 19,000 . 9,820
5 81,000 18,301
6 4,200 ‘ 9,820
7 48,000 10,523
8 -8,000 : 9,820
9 90,000 o 48,954
10 7,200 . 9,820
11 82,000 : 98,823
12 10,000 . 9,820
13 81,000 g 83,908
14 35,000 9,820 .
15 70,000 , 19,820
16 36,000 - 9,820
17 36,000 . 9,820
18 52,000 9,820
19 -50,000 D 9,820
20 11,000 | 9,820
21 -64,000 . 9,820
22 100,000 | 9,820
23 77,000 ' 43,189
24 -15,000 , . 40,719
*Refer to Figure 7. -
VT total alpha activity measurement conversions used the K—H Pu'to Am-241 ratio of 8.1 mult:pher and the K-H attenuation
factor of 0.997 for either no oveslying material or a thin layer of latex
*Values less than MDC were reported as the MDC.
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' TABLES

SURFACE ACTIVITY COMPARISON MEASUREMENTS
SURVEY UNIT 776011 ~
BUILDING 776/777 CLOSURE PROJECT '
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN COLORADO

' ' ESSAP Total Alpha Activity
Mﬁzscur?mint Using K-H Converslon Factors | K-H Total Alpha Acctmty
ation (dpm/100 em ) 1 (dpm/100 cm?)
20 56,000,000 B N/A®
21 | . 29,000,000 . NA
22 45,000,000 N/A
23 ' 42,000,000 _ N/A
24 . 44,000,000 - N/A
25 : 230,000 : N/A
26 . : 260,000 N/A
27 320,000 , O NA
28 -770,00_0 : N/A
*Refer to Figure 8. '

total alpha activity measurement conversions used the K-H Pu to Am-241 ratio of 8.1 multlpher and the K-H atténuation
factor of 0.997 for cither no overlying material or a thin layer of latex.
“Values less than MDC were reported as the MDC.
‘Not Available — activity calculations could not be performed due to lack of i mstmmcm-speclﬁc information.
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TABLE 6
SURFACE ACTIVITY COMPARISON MEASUREMENTS
. SURVEY UNIT 776012
BUILDING 776/777 CLOSURE PROJECT

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
: - GOLDEN, COLORADO .

Measurement ESSA; ;°é“' Alpha Activity Using K-H Total Alpha Activity
Location® -H Conversion Factors (dpn/100 cm?) ¢
(dpm/100 cm?) , e
44 . 6,100,000 N/A?
45 21,000,000 ' NA
46 5,900,000 : . N/A
47 1,800,000 . . N/A
48 : 1,300,000 . . NA
49 _ 1,500,000 A N/A
50 72,000 N/A
51 ‘ : 87,000 - N/A
52 2,800,000 N/A
53 82,000 N/A
54 98,000 ~ ‘ N/A
55 95,000 - NA
56 74,000 N/A
57 56,000 _ . N/A
58 - 8,300,000 . N/A
59 - 21,000,000 N/A
60 4,900,000 ‘ N/A
61 _ 20,000,000 ‘N/A
62 _ 2,800,000 N/A
63 1,700,000 = N/A
64 ~ 1,700,000 ~ NA
65 33,000,000 i N/A
66 _ 17,000,000 ' N/A
67 50,000,000 o - N/A
68 3,300,000 ‘ N/A
69 , 71,000,000 : N/A
70 . 59,000 . N/A
7 _ -50,000 ' N/A
*Refer to Figure 9. '

*IVT total alpha activity measurement conversions used the K-H Pu to Am-241 ratio of 8.1 multnpher and the K-H attenuat:on
factor of 0.997 for cither no overlying material or a thin layer of latex.

“Values less than MDC were reported as the MDC.

Not Available - activity calculations could not be performed due to lack of instrument-specific information.
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TABLE 7

- SURFACE ACTIVITY COMPARISON MEASUREMENTS
SURVEY UNITS 776015 and 776018
4 BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
» Total Alpha
M{?c“; ';:;:fnt Ul‘s:lisgAlg-H Convel::io: ;‘tai:ltzyrs K-H '(I(‘i(;,t:’l/;&;gl:z:&)cumy
~ (dpm/100 cm?)®
1 7,200,000 - 7,700,000
2 760,000 | 810,000
3 700,000 ;. 820,000
4 1,200,000 : 11,400,000
5 56,000 43,000
6 80,000 | ' 57,000
7 730,000 740,000
8 4,000,000 9,200,000
9 2,200,000 ~ ) 3,000,000
10 230,000 250,000
11 4,500,000 5,200,000
12 32,000 65,000
13 330,000 ‘ 300,000
14 580,000 | 600,000
*Refer to Figure 10. ’ A

“IVT total alpha activity measurement conversions used dae K-H Pu to Am-241 ratio of 8.1 multiplier and the K-H attenuation
factor of 0.82 for the epoxy surface coating.
“Values less than MDC were reported as the MDC.
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TABLE 8

. SURFACE ACTIVITY COMPARISON MEASUREMENTS
‘ SURVEY UNIT 776019
BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
. GOLDEN, COLORADO o

Measroment | ESSAE To Mo Aty T 41 o it vty
on . (dpmy/100 cm?® (dpm/loo em)
1 1,800,000 | - N/A®
2 10,000,000 B N/A
3 16,000,000 o " N/A
4 4,300,000 N/A
5 580,000 ' N/A
6 5,000,000 - N/A.
7 1,800,000 N/A
8 520,000 N/A
9 700000 | N/A
10 - 790,000 NA
11 1,100,000 _ N/A
12 " 110,000 N/A
13 - 46,000 . N/A
14 350,000 h NA
15 - 17,000 | ' N/A
. ‘RcfcrtoFlgurc 1.

YIVT total alpha activity measurement conversions used the K-H Pu to Am-241 ratio of 8 1 multnpher and the K-H attmuanon

factor of 0.82 for the epoxy surface coating.
“Values less than MDC were reported as the MDC. .
“Not Available — activity calculations could not be pcrformed due to lack of instrument-specific information.
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TABLE 9

SURFACE ACTIVITY COMPARISON MEASUREMENTS
SURVEY UNIT 776023
BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement Location* Ul:iisgAllelognﬁl:i:: f«*t;:?rs K-H Total Alp ha Actmty ’
: (dpm/100 cm?)® (dpmlloo cm )
30? 93,000 . 200,000
319 34,000 | 32,000
32¢ 24,000 o 20,000
- 33d 53,000 ] - 18,000
3¢ 2,300 - 16,700
359 : 23,0000 9,900
- 36° ‘ 28,000 . 42,000
374 : 21,000 24,000
384 - -2,500 ~ ' 20,000
_ 39¢ : 35,000 " 42,000
40° (core location M0O1) 280,000 NA
41° (core location M00S) © =11,000 - N/A
42° (core location M003) | 21,000 ' NA
43°(core location M004) - 40,000 NA
44° (core location M00S) | - - 2,000,000 ~ NA
45° (core location M006) . 520,000 ' N/A
46° (core location M007) 390,000 NA
47°(core location M002) | 1,200,000 NA

* *Refer to Figure 13.
IVT total alpha activity measurement oonversxons used the K-H Pu to Am-241 ratio of 8.1 multiplier and the K-H attenuation

factor of 0.82 for the epoxy surfuce coating.
“Reported large negative value likely due to statistically low background measurement.
- “Biased locations selected by DOE
“Pre~core sample measurements
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TABLE 10

SURFACE ACTIVITY COMPARISON MEASUREMENTS

. SURVEY UNITS 776021 and 776023
BUILDING 776/777 CLOSURE PROJECT

ROCKY FLATS ENVIRONMENTAL TECHN OLOGY SITE

- GOLDEN, COLORADO

. ESSAP Total Alpha Activity
Miasur?msnt Using K-H Conversion Factors | XH Total Alpha Achvnty
- Location (dpm/100 cm?)® (dpm/100 cm?) :
15 3,100,000 4,100,000
16 580,000 880,000
17 1,100,000 1,400,000
18 770,000 1,100,000
19 490,000 720,000

. "Refer to Figures 12 and 13,
“IVT total alpha activity measurement conversions used

factor of 0.82 for the epoxy surface coating.

the K-H Pu to Am-241 ratio of 8.1 multiplier and the K-H attenuation
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TABLE 11

SURFACE ACTIVITY COMPARISON MEASUREMENTS
SURVEY UNIT 776026 .
BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
Measureme.nt‘ UlfiSnSgAlg;o(t,‘tlnelel;: 2:‘;‘:: :it:)yrs K’-H Total Alpha Acﬁv:ty
Location , (dpm/100 cm?)® (dpmv/100 cm?)*

1 19,000 A 13,410

2 - 8,300 : 12,910

3 14,000 S 14,243

4 18,000 22,155

5 4,200 , : 19,074

6 - 17,900 24,154

7 68,000 *’ 56,971

8 " 50,000 38,647

9 -120,000 8,938

3 10 -96,000 - , 8,938
11 82,000 | 8,938

12 -96,000 . 8,938

13 -140,000 8,938

14 -140,000 - 8,938

‘15 4120000 £ 8,938

16 -170,000 ' 8,938
17 -55,000 | 6,701

18 64,000 ~. 6,701

| : .19 -57,000 N 6,701
20 75,000 6,701

*Refer to Figure 14.
*IVT total alpha activity measurement conversions used the K-H Pu to Am-241 ratio of 8.1 mulnpher and the K-H attenuation

factor of 0.997 for the thin paint surface coating.
“Values less than MDC were reported as the MDC.
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TABLE 12

SURFACE ACTIVITY COMPARISON MEASUREMENTS
SURVEY UNIT 776028
BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
- | ESSAP Total Alpha Activity Usin - K-H Total Alpha
Mﬁ:sc:':;:im . KH Convelx)'sion l;‘abct:)yrsU ; : Activity i
‘ (dpm/100 cm”)” (dpm/100 cm?)

1 36,000 V 10,889

2 -59,000 , 19,026

3 22,000 - 34,144

4. -43,000 : , 9,026

5 13,000 - 9,026. -

6 -62,000 o 9,026

7 26,000 : 9,026

'8 -35,000 - 19,026

9 23,000 : .17,294

10. -19,000 9,026

11 65,000 9,026

12 -74,000 9,026

13 -73,000 ’ 9,026 -

14 -68,000 9,026

15 -69,000 9,026

16 -42,000 ' 9,026

17 -24,000 1 9,026

18 © 640 4 £ 9,026

19 21,000 52,248 -

20 14,000 38,431,

21 5,600 37,882

22 24,000 9,026

23 -38,000 9,026

24 7,300 : 9,026

25 , 32,000 39,621

*Refer to Figures 15-16. '
YVT total alpha activity measurement convemons used the K-H Pu to Am-241 ratio of 8.1 multiplier and the K-H attcnuatlon

factor of 0.997 for the thin paint surface coating.
“Values less than MDC were reported as the MDC.
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TABLE 13

SURFACE ACTIVITY COMPARISON MEASUREMENTS
_ SURVEY UNIT 776029
BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO,
Measurement ESSA;;%“ Alpha Activity Using K-H Total Alpha Acﬁvxty
. 8 -H Conversion Factors :
Location | " (dpm/100 cm?)® : (dpm/100 cm?)*
1 ‘ -70,000 9,890
2 -84,000 A 9,890
3 71,000 13,826
4 92,000 9,890
5 -110,000 o 8,938
6 -120,000 9,890
7 © 220,000 ' ‘ 9,890
8 -18,000 o - 19,324
9 25,000 ' 9,890
10 21,000 - 9,890
11 -14,000 9,890
12 -18,000 8,938
13 -22,000 o 9,890
14 -38,000 13,576
15 . -2,800 33,067
16 -35,000 ' 9,890
17 37,000 : . 8,938
18 -53,000 , . 9,890
19 -36,000 96,534
20 -34,000 9,890
21 -36,000 ' 8,938 _
22 _ 36,000 ~ - 12,993 .
23 140,000 , 183,657
24 -36,000 E . 13,493 .
25 67,000 . 8938
26 40,000 ° - 11,994
27 -36,000 , ) 13,826
28 -25,000 9,800
29 96,000 ' /8,938
30 -7,200 C 35,982
31 1,300 9,890
‘szettoFlgm'e 17.

YTV total alpha activity measurement conversions used the K-H Pu to Am-241 ratio of 8.1 mulupher and the K-H attenuation
factor of 0.997 for cither no overlying material or a thin layer of latex.

“Values less than MDC were reported as the MDC.
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TABLE 14 . -

SURFACE ACTIVITY COMPARISON MEASUREMENTS
SURVEY UNIT 776032
- BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
ES Total ctivi
Messurement — Conversion Factars | K11 Total Alphn Activiy
(dpn/100 cm®)*
1 150,000 108,778
2 -92,000 9,890
3 -79,000 25,154
4 . -94,000 - ~ 9,890
5 -83,000 ' 22,489
6 -32,000 , 9,890
7 -65,000 . 9,890
8 90,000 17,325
9 89,000 o 9,890
10 -88,000 9,890
11 -120,000 9,890
12 -44,000 ‘ . . 8,938
13 -24,000 9,890
14 . -17,000 , 28,152
15 3,900 ‘ 68,715
16 -31,000 9,890
17 -26,000 ‘ 28,735
18 68,000 - 9,890
19 -25,000 97,784
20 -20,000 . 9,890
21 -88,000 . 8,938
22 123,000 | 19,907
23 -30,000 | 24,737
24 , 170,000 b 154,921
25 : 110,000 153,838

*Refer to Figures 18-19.
®IVT total alpha activity measurement conversions used the K-H Pu to Am-241 ratio of 8.1 multiplier and the K-H attenuation

factor of 0.997 for either no overlying material or a thin layer of latex.
“Values less than MDC were reported as the MDC. ' : 4 :
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TABLE 15

SURFACE ACTIVITY COMPARISON MEASUREMENTS
: SURVEY UNIT 776034
BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
GOLDEN, COLORADO

Measurement | ©SSAT Total Alpha Activiey Using |y g1 151 Alpha Activity
Location -H Conversion I«z‘ﬁctors . (dpny/100 cm?)
‘ (dpm/100 cm®)* . :

1 26,000 ' 39,163
2 4,200 . - 9,026
3 47,000 I - 9,026
4 2,700 - 38,797
5 -1,800 ©9,026
6 20,000 . 41,542
7. 700 - 9,026 '
8 44,000 ‘ , 9,026
9 14,000 A S 9,026
10 35,000 9,026
11 14,000 : 9,026
12 -55,000 - : 9,026
13 - 16,000 _ , 9,026
14 32,000 . 9,026
15 7,000 9,026
16 34,000 . 45,385
17 16,000 10,614
18 63,000 - 9,026
19 39,000 : 59,934
20 -58,000 ' 9026
21 72,000 9,026
22 -83,000 o 9,026
23 26,000 9,026
24 -70,000 . 9,026
25 -58,000 _ 9,026
26 30,000 9,026
27 57,000 - 9,026
28 20,000 . 71,738
29 72,000 o 9,026 .
30 -51,000 . 12,627

*Refer to Figure 20.

®IVT total alpha activity measurement conversions used the K-H Pu to Am-241 ratio of 8.1 multnpher and the K-H attenuation
* factor of 0.997 for either no overlying material or a thin layer of latex.

“Values less than MDC were reported as the MDC,
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 TABLE 16

. SURFACE ACTIVITY COMPARISON MEASUREMENTS

SURVEY UNIT 776035

BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO :
‘ Total Activi : ~ -
Messarement | g ICH Convenion Facors | Y1 Toal Alpha Activiy
Location (dpmy/100 cm® dp cm’)
16 ~ 170,000 N/A?
17 210,000 N/A
18 1,700,000 N/A
19 22,000 N/A
20 37,000 N/A
21 © 28,000 N/A
22 20,000 N/A
23 39,000 N/A
24 8,800 N/A
25 16,000 - N/A
26 -5,000 NA
27 25,000 N/A
28 © 23,000 - N/A
29 19,000 N/A
*Refer to Figure 21. '

® IVT total alpha activity measurement conversions used the K-H Pu to Am-241 ratio of 8.1 multiplier and the K-H attenuation

. factor of 0.997 for either no overlying material or a thin layer of latex.” .
“Values less than MDC were reported as the MDC. ,
Not Available — activity calculations could not be performed due to lack of instrument-specific information.
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- TABLE 17

SURFACE ACTIVITY COMPARISON MEASUREMENTS
'SURVEY UNIT 776041
BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE _

- GOLDEN, COLORADO
E ha Activi
Measurement UsiisgAlz-;oCttln:::l:'s lo:F:ct;ym K-H Total Alpha Actmty
Lomﬁon | (dpm/100 cm?)* | (dpm/100 cm?)
30 5,000,000 N/A*
31 - . 890,000 , N/A
32 . 2,600,000 o N/A
33 ‘ 950,000 : N/A
34 - 53,000 - NA
35 120000 | N/A
36 . 190,000 - NA

37 g -30,000 . NA
38 300,000 N/A
39 ‘ " 230,000 ~ NA
40 : -4,000 o NA
41 ' -20,000 . N/A
2 -20,000 - N/A
43 - -20,000 | N/A

‘Refer to Flgure 22,
®IVT total alpha activity measurement conversions used the K-H Pu to Am-24] ratio of 8. l multiplier and the K-H attenuation
factor of 0.997 for cither no overlying material or a thin layer of latex.
“Values less than MDC were reported as the MDC. .
“Not Avaxlablc - activity calculations could not be perfonned due to lack of instrument-specific information.
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TABLE 18

SURFACE ACTIVITY COMPARISON MEASUREMENTS
~ SURVEY UNIT 776043
- BUILDING 776/777 CLOSURE PROJECT
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

GOLDEN, COLORADO
ESSAP Total Alpha Activi
Miaos::tei:::ent Using K-H Convell"slon Fact:yrs K-H f:tﬁ/“;‘l&h:nf; tvity
- (dpm/100 cm?)* P
1 : -79,000 o - 7,438
2 -100,0000 - 7,438
3 -26,000 - 7,438
4 © 300,000 261,724
5 -30,000 ' 20,339
6 -75,000 » 7,438
7 -57,000 7,438
8 -84,000 ' 7,438
9 -97,000 7,438
10 -100,000 - 7,438
11 -110,000 7,438
12 91,000 . 7438
13 » -76,000 ~ 7,438
14 91,000 ‘ 17,438
15 -87,000 7,438
16 -71,000 o 7,438
17 - 89,000 - - 7,438
18 69,000 - NA .
19 200,000 ‘ 255,253
20 -32,000 125,546
21 -74,000 10,435
22 -88,000 _ 1 10,435
23 77,000 : 10435
24 -17,000 10,435
25 -30,000 . . _ 28,382
26 4 -95,000 B 72,295
27 -100,000 10,435
‘Referto Figure 23. .

YIVT total alpha activity measurement conversions used the K-H Pu to Am-241 ratio of 8.1 multiplier and the K-H attenuation
factor of 0.997 for either no overlying material or a thin layer of latex
Values less than MDC were reported as the MDC.
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MAJOR INSTRUMENTATION
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APPENDIX A
MAJOR INSTRUMENTATION

The display of a specific product is not to be construed as an endorsement of the product or its
manufacturer by the author or employer. . :

SCANNING INSTRUMENT/DETECTOR CQMBINATIONS
Gamma

Ludlum Ratemeter-Scaler Model 2221
(Ludlum Measurements, Inc., Sweetwater, TX)
coupled to ‘
BICRON Nal Scintillation Detector

Model G5 FIDLER

(Bicron Corporation, Newburg, OH)

LABORATORY ANALYTICAL INSTRUMENTATION

* Low Background Gas Proportional Counter
Model LB-5100-W
(Canberra/Tennelec, Oak Ridge, TN)

Alpha Spectrometry System
Tennelec Model 256

~ (Canberra, Meriden, CT)
Used in conjunction with:

* Ion Implanted Detectors
_(Canberra, Meriden, CT) and
 Multichannel Analyzer -
DEC ALPHA Workstation
(Canberra, Meriden,CT)

Alpha Spectrometry System
Canberra Model 7401VR
(Canberra, Meriden, CT)
Used in conjunction with:
Ion Implanted Detectors and
Multichannel Analyzer
DEC ALPHA Workstation
. (Canberra, Meriden, CT)

High Purity Extended Range Intrinsic Detector
CANBERRA /Tennelec Model No: ERVDS30—25 195
(Canberra, Meriden, CT) :
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LABORATORY ANALYTICAL INSTRUMENTATION (CONTINUED)

Used in conjunction with:
Lead Shield Model G-11 ,
(Nuclear Lead, Oak Ridge, TN) and
Multichannel Analyzer
‘DEC ALPHA Workstation
-(Canberra, Meriden, CT)

High Purity Extended Range Intrinsic Detector
Model No. GMX-45200-5 ,
(EG&G ORTEC, OAK RIDGE, TN)

used in. conjunction with:

'Lead Shield Model SPG-16-K8

(Nuclear Data) ‘

Multichannel Analyzer

DEC ALPHA Workstation

(Canberra, Meriden, CT)
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APPENDIX B ,
SURVEY AND ANALYTICAL PROCEDURES
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APPENDIX B

SURVEY AND ANALYTICAL PROCEDURES

PROJECT HEALTH AND SAFETY

A walkdown of the project area was performed to evaluate the survey areas for potential
health and safety issues that may not have been identified by the site. Additionally, the
proposed survey and sampling procedures were evaluated to ensure that any hazards
inherent to the procedures themselves were addressed in applicable job hazard analyses
(THAs). The procedures entailed minimal potential hazards that were currently addressed
in ESSAP JHAs.

Personnel adhered to.the site health and safety requirements. Project training
requirements were met prior to entry into the survey areas. General employee
radiological training for site access was completed and the IVT completed beryllium
worker qualification, including on-site physical, chest x-ray, and classroom lecture. In
addition, the IVT received building specific entry and safety requirements. Confirmatory
_ s(nrvey activities were conducted in areas that were not downposted for radiation or
‘beryllium contamination and site dosimetric cbnsiderations were applicable.

QUALITY ASSURANCE

Calibration

Anslytical and field survey activities were conducted in accordance with procedures from
the following documents of the ESSAP;

* - Survey Procedures Manual (September 2004)

. Laboratory Procedures Manual (August 2004)

. Quality Assurance Manual (August 2004)

The procedures contained in these manuals were developed to meet the requirements of
Department of Energy (DOE) Order 414.1C and the U.S. Nuclear Regulatory
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Commission Quality Assurance Manual for the Office of Nuclear Material Safety and
Safeguards and contain measures to assess processes during their performance. -

Quiality control procedures include:

. Daily instrument background and check-source measurements to confirm that
equipment operation is within acceptable statistical fluctuations.

. Participation in MAPEP, NRIP, and ITP Laboratory Quality Assurance Programs.

e Training and certification of all individuals performing procedures.
. Periodic internal and external audits.

Calibration of all field and laBoratory instrumentation was based on standards/sources,

traceable to NIST, when such standards/sources were available. In cases where they were.

not available, standards of an industry recognized organization were used.
Instrumentation had to be re-calibrated at the site because of the effect of altitude on
detection capability. '

The gamma calibration efficiency for the FIDLER detector was determined to ISO-7503
recommendations. A NIST traceable Am-241 calibration source (maximum gamma

energy of 59.5 KeV) was used to develop the optimal instrument efficiency usinga4 x -
_ source activity. The calculated €y, ranged from 0.08 to 0.11 depending on the detector.
The calibration source emission rates were corrected for geometry when a source larger

than the detector was used.
SURVEY PROCEDURES
Surface Scans

Surface scans were performed by passing the detector slowly over the surface. The

distance between the detectors and surface was maintained at a minimum, nominally

about 1 cm. Surfaces were,séanned using a low-energy photon FIDLER detector with a

detector area 127 cni’. Identification of elevated levels was based on increases in the
~audible signal from the rect;rding and/or _indicaﬁng instrument.
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Specific scan MDCs for the Nal scintillation detector for the radionuclide mixture in

concrete were not determined as the instrument was used solely as a qualitative means to
identify elevated gamnia activity however, MDCs for radionuclides in the concrete would
approximate those contained in NUREG-1507. '

Surface Activity Measurements

Gamma surface activity measurements were performed using' a FIDLER detector.
Measurcments were obtained in count rates integrated over a one minute inférvél The
net count rate was obtained by subtractmg a material specific background count rate from
the gross count rate. The net count rate was converted to nCi/g for Pu-239 concentration
by dividing by the detector geometry and 4z efﬁcwncy which was then multiplied by the
ratlo of Am-241 to total Pu.

. Gamma count rates were integrated over one minute using the FIDLER. Count rates
(cpm) were converted to nanocuries per gram (nCi/g) using the following equation:

cpm L1272 ) (_nCi *gPu
£ * £, % 127cm’ w 2220dpm ) Am
‘where:
cpm = Net cpm (gross cpm—background cpm)
er = Total Efficiency = 0.08
& = Attenuation Correctlon Factor for Painted Surfaces = 0.679
W= Volume * Density of Concrete = 127cm?® * 1 cm * 2 35 g/em® =298.45 g

~ Note: Volume is calculated as physical detector area x DCGL depth

8 = ratio of Pu-239 to Am-241 for 35-year old WGP
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